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ABSTRACT
To identify conflicts between existing black bear (Ursus americanus) 
management and human activity on Tanana River Flats, Alaska, we monitored 
27 radio-collared black bears from 1988-1991. We compared denning 
chronology, den characteristics, den-site selection, and habitat selection across 
sex, age, and female reproductive classes. Mean den entry was 1 October and 
emergence was 21 April, with females denned earlier and emerging later than 
males. Marshland and heath meadow habitats were avoided, and willow-alder 
was selected for den-sites. Eighty-three percent of dens were excavated, 100% 
contained nests, 18% were previously used, and 29% had flooded. Black bears 
selected black spruce-tamarack and birch-aspen significantly more, and 
marshland and heath meadow significantly less than available. Marshland and 
birch-aspen were used significantly more in spring than autumn. Marshland was 
used less than available by all bears in all seasons. Special habitat or den-site 
requirements are not critical for management of Tanana River Flats black bears.
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CHAPTER 1: BLACK BEAR DENNING ECOLOGY IN INTERIOR
ALASKA1
ABSTRACT:
From 1988-1991 we observed the denning activity of 27 radio-coiiared 
black bears {Ursus americanus) at 57 dens on the Tanana River Flats, near 
Fairbanks, Alaska. This is the northernmost population of black bears studied 
using radio-telemetry, and nears the northern extreme of the species' range. We 
compared differences in den chronology, morphology, and habitat use, among 
sex, age, and reproductive classes. All bears pooled across all years gave a 
mean den entry date of 1 October, a mean emergence date of 21 April, and a 
mean den period of 205 days. Females denned earlier (30 Sep vs. 4 Oct), 
emerged later (23 Apr vs. 15 Apr) and had longer den periods (208 days vs. 195 
days) than did males. No significant differences were observed in denning 
chronology between adults and subadults, or among female reproductive 
classes. Differences in den characteristics between sex, age, and female 
reproductive classes were generally insignificant, except that males had larger 
dens than did females, and females denning with young had the largest dens 
among the female reproductive classes. Most dens were excavated (83%, 
n=41), and all contained nesting material. Reuse was low (18%, n=34) and 10 
dens (29%) were flooded to varying levels. Bears significantly favored willow-
1 Modified edition of an article by Smith, M. E., J. L. Hechtel, and E. H. Follmann. 1994. Black 
bear denning ecology in Interior Alaska. Int. Conf. Bear Res. and Manage. 9: In Press.
1
2alder and black spruce habitat types for den sites, avoiding marshland and heath 
meadow habitat types.
INTRODUCTION
Mechanisms that drive and control denning behavior in black bears are 
still unclear, largely due to the extreme variability exhibited by bears across a 
wide range of climates. Environmental factors clearly are involved as evidenced 
by the lengthening den periods along latitudinal and elevational gradients (Table 
1). Specific weather conditions have been implicated, such as snowfall (Jonkel 
and Cowan 1971), temperature (Rogers 1987), precipitation (Hellgren and 
Vaughan 1989), or some combination of these (Lindzey and Meslow 1976, 
Johnson and Pelton 1980, Novick et al. 1981, Rogers 1987). There also appear 
to be some physiological factors that are keyed to physical condition and the 
readiness for denning (Lindzey and Meslow 1976, Schwartz et al. 1987). 
Ultimately, some endogenous control related to photoperiod may initiate a 
metabolic shift towards dormancy, irrespective of actual denning behavior (Folk 
et al. 1976, Johnson and Pelton 1980, Nelson et al. 1983, Nelson and Beck 
1984). The simplest explanation is that a reduced food supply, correlated with 
increasingly long winters, results in increasingly long denning periods, but this 
concept becomes muddled when data from milder climates are included. 
Researchers in those areas find that den periods do shorten, but not necessarily 
concomitant with reduced food availability; and in a few areas some bears den 
while others remain active all winter (Lindzey and Meslow 1976, Alt 1977, 
Hamilton and Marchington 1980, Novick et al. 1981, LeCount 1983, Hellgren and 
Vaughan 1987, Graber 1990). This seemingly contradictory evidence indicates
Table 1. Variation in blackbear denning chronology and den types, listed in descending order of the total denning period. Dates not 
specified in the publications were calculated and represent approximate overall means.
Location
APPROX. MEAN DATES 
Entrance n Emergence n Exc
DEN TYPE f%)a 
Nat Tre Gnd ah Reference
Susitna, AK 9 Oct 116 6 May 116 56 41 3 - - Schwartz et al. (1987)
Interior AK 1 Oct 41 21 Apr 26 83 5 - 12 - This study
Kenai, AK 18 Oct 164 19 Apr 164 96 3 1 - - Schwartz et al. (1987)
Montana Late Oct 127 May 127 14 72 - 10 3 Jonkel and Cowan (1971)
Colorado 25 Oct 128 5 May 55 35 62 - 3 - Beck (1986)
Idaho 20 Oct 43 20 Apr 23 72 28 - - - Beecham et al. (1983)
Alberta 18 Oct 33 7 Apr 31 95 5 - - - Tietje and Ruff (1980)
Ontario 27 Oct 95 12 Apr 95 87 7 . 1 3 - Kolenosky & Strathearn (1987)
Minnesota Late Oct 85 Mid Apr 78 - - - - - Rogers (1987)
Maine 7 Nov 53 23 Apr 47 33 15 - 52 - Hugie (1982)
Yellowstone Early Nov' 6 Mid Apr 6 17 33 - - 50 Barnes and Bray (1967)
Mitkof Is). 11 Nov 11 13 Apr 11 - 69 31 - - Erickson et al. (1982)
Arizona 16 Nov 51 6 Apr 51 76 24 - - - LeCount (1983)
Washington 10 Nov 11 21 Mar 10 - - - - - Lindzey and Meslow (1976)
New York 28 Nov 62 2 Apr 38 - - - - - O'Pezio et al. (1983)
Michigan Mid Dec 31 Mid Mar 31 23 16 - 61 - Manville (1987)
Tennessee Mid Dec 12 Late Mar 12 - 14 64 21 - Pelton et al. (1980)
California 17 Dec 39 30 Mar 39 - - - - - Graber (1990)
Penn. Late Dec 17 March 17 - - - - - Alt (1977)
Penn. — 43 - 43 30 39 - 31 - Carr (1980)
Arkansas Late Dec 38 Late Mar 38 - - 74 21 - Smith (1986)
N. Carolina Late Dec 5 Late Mar 5 - - 20 80 - Hamilton & Marchington(1980)
N.CVTenn. — 95 - 95 12 24 56 7 - Wathen et al. (1986)
Va./N.C. 29 Dec 23 30 Mar 23 41 10 3 48 - Hellgren and Vaughan (1989)
Tennessee 5 Jan 17 7 Apr 14 - 26 54 20 - Johnson & Pelton (1980,1981)
a Exc = excavated dens; Nat = natural cavities; Tre = Tree dens with elevated entrances; Gnd = ground dens; 
Oth = any other den types.
CO
4that denning is probably controlled by an interaction of several of these factors 
and perhaps others, as yet unidentified. One step in understanding the 
controlling mechanisms behind denning black bears is to determine the limits of 
variability from the extremes of the black bear's range.
We investigated the denning ecology of black bears located near the 
northern extreme of their range in interior Alaska (Manville and Young 1965). 
Several studies conducted on black bears in southcentral Alaska (Smith 1984, 
Schwartz et al. 1983, 1987, Miller 1987,1990) and Hatler's (1967) work in 
interior Alaska provide a broad perspective of black bear ecology under similar 
environmental conditions. Specifically, we tested the following null hypotheses: 
(1) denning chronology will not vary significantly among sex, age, and 
reproductive classes; (2) den characteristics will not vary significantly among 
sex, age and reproductive classes; and (3) den site habitat selection will be in 
proportion to habitat availability.
This study comprises a part of a cooperative research project between the 
U. S. Army and the Alaska Department of Fish and Game (ADF&G) to establish 
baseline information on population dynamics of black bears on military land in 
interior Alaska (Hechtel 1991). Special thanks to J. Kerns (U. S. Army, Fort 
Wainwright Natural Resources Office) who initiated and funded this project, N. 
Mosso (ACWRU) who administered the paperwork, provided equipment, and 
much needed moral support, and to H. Staaland (Department of Biology and 
Nature Conservation, Agricultural University of Norway for providing office space 
and logistic support during analysis and manuscript preparation. The Institute of 
Arctic Biology provided needed equipment and logistical support. P. Dunwoodie
5conducted the soil analysis, and the following volunteers made this project 
possible: S. Cheek, T. Boudreau, M. Walters, B. Hatcher, D. Johnson, J. 
Peterson, J. Bevins, and G. Wilker. Additional field support was provided by the 
Fort Wainwright Wildlife Military Police: H. Vernisoni, and J. Reicher. Many hours 
of fixed wing flight time was donated by ADF&G biologist M. McNay. Extensive 
helicopter support was provided by C Company, 123rd Aviation Regiment, 4th 
Battalion, U.S. Army, and pilots: R. Cross, R. Short, R. Cowley, J. Parker, and D. 
Olson.
STUDY AREA
This study was conducted on the Tanana River Flats, a 2,000 km2 area 
located immediately south of Fairbanks, Alaska (64° 50'N, 148° 00'W). The 
study area was bordered on the north and east by the Tanana River, on the west 
by the Wood River and extended southward to Blair Lakes. Due to limited 
access, most trapping and vegetation sampling was conducted along major 
waterways in the approximately 500 km2, U. S. Army Tanana Flats Training Area 
(TFTA) (Fig. 1).
The topography was flat with elevations ranging from 120 to 185 m above 
sea level over most areas. Three widely scattered hills offer the only relief with 
elevations of 282, 287, and 429 m above sea level.
Average annual temperature for the Fairbanks area was -3°C, with 29 cm 
of precipitation and an average of 154 cm of snowfall. Monthly average 
temperatures during the denning period (Oct to Apr) ranged from -24°C (Jan) to - 
1°C (Apr), with extremes of -54°C and 23°C (NOAA monthly climatological 
summaries, Fairbanks International Airport).
6Vegetation is broadly characterized as interior muskeg with black spruce 
(Picea mariana) occurring throughout. Specific habitat classifications for the 
Tanana River Flats basically follow a vegetation map prepared by Coady (1973) 
and described by LeResche et al. (1974). Additionally we subdivided one spruce
Fig. 1. Study area in Tanana River Flats, Alaska, 1988-90. Trapping was 
concentrated on the U.S. ArmyTanana Flats Training Area (TFTA - shaded 
area).
7habitat into separate white-spruce (P. glauca) and black-spruce habitats. The 6
habitat types are identified by their dominant vegetation: (1) marshland- 
marshes, shallow ponds and their aquatic margins, and shallow streams where
movement of water is slow enough to allow emergent vegetation; (2) heath
meadow-Cmuskeg" or "tussock tundra") low shrubs and widely scattered trees in
which scattered patches of shrub birch (Betula glandulosa) are common; (3)
willow-alder-willow {Salix spp.) and alder (Alnus spp.) thickets; (4) birch-aspen-
paper birch (6. papyrifera), quaking aspen (Populus tremuloides), and
cottonwood (P. balsam if era) forests; (5) black spruce-tamarack-black spruce,
and tamarack (Larix laricina) forests; and (6) white spruce-white spruce forests
(Coady 1973).
METHODS 
Bear Capture
Bears were captured using Aldrich leg-hold snares (Flowers 1977), barrel 
traps (Schwartz et al. 1983), or by darting from helicopters. Bears were 
immobilized with either a 2:1 mixture of Ketamine HCL/Xylazine 
(Ketaset/Rompun, 300 mg/45.4 kg estimated body weight) or with Tiletamine 
HCL/Zolazepam HCL (Telazol, 280 mg/45.4 kg estimated body weight). Adult 
bears were fitted with standard radio-collars and subadults with special "break­
away" collars (Telonics, Mesa, AZ). Captured bears had standard morphological 
measurements taken, a premolar tooth extracted for age determination (Willey 
1974), numbered ear tags installed, and a lip tattooed. These procedures
8complied with the American Society of Mammalogists' guidelines (1987) and 
were approved by an independent animal welfare committee at the University of 
Alaska Fairbanks.
Radiotracking
Radiotracking began as soon as possible after the collars were attached. 
Locations were obtained from the air at 1 to 2 week intervals and for each 
location we recorded habitat type and the activity of the bear.
Den Chronology
Denning activity was determined from aerial reconnaissance; but because 
logistics and weather precluded daily flights, most den entry and emergence 
dates were estimates. Entrance dates were estimated by taking the median 
between the last nondenned observation and the first denned observation. 
Emergence dates were estimated from the median of the last denned and the 
first emerged observations. Bears were considered emerged when first 
observed, even though they may have remained in the den area. Den periods 
refer to the total number of days spent in the den. Bears with more than 24 days 
between locations were excluded from analysis.
Statistical tests compare years, sexes, ages (adult versus subadult), and 
female reproductive classes at den entry (pregnant, with cubs or yearlings, 
barren adults, and subadults). Bears >4 years old (the earliest age of 
conception) at the time of den entrance were considered adults. Reproductive 
condition was assessed post-hoc by visually identifying females that emerged in 
the company of offspring. As a result, any adult females losing cubs prior to den
9emergence would have been classified as barren. Because assumptions of 
normality were not met, the Kruskal-Wallace and Mann-Whitney U tests were 
used to examine differences among the various groups (Wilkinson 1988).
Den Characteristics
Den sites were visited during March or April, and the den characteristics 
were described following Schwartz et al. (1983). Bears were sedated with 
Telazol injected using a jab stick, removed from the den, and handled as 
previously described. After we measured the den, the bear was placed inside 
and the den entrance was again covered with snow. A radio transmitter was left 
at the den site enabling us to relocate the den the following summer.
Den sites were revisited during summer to describe the vegetation, collect 
soil samples, measure depth to frozen ground and ascertain whether the den had 
been used prior to the preceding winter. Soil samples were collected from either 
the floor or wall of the den or from the tailings pile. Samples were placed in 
plastic bags and frozen upon return to the laboratory.
Soil samples were thawed at room temperature and mixed well. A 
subsample ranging from 10 to 30 g was removed and initially air dried, followed 
by drying in an oven at 65°C until weight was constant. Dried samples were 
placed in a muffle furnace at 400°C for 22.5 h to remove the organic component. 
Percent organic content was then calculated. A second subsample was removed 
and similarly dried prior to mechanical analysis. The Bouyoucos hydrometer 
method (Bouyoucos 1962) was used for particle size determination of den soils.
A 50-g sample of dried and sieved soil was used for this standard analysis, and 
for those samples having a high organic content, the dry weight of the sample
10
was corrected by the amount of organic matter lost from the peroxide treatment. 
Following calculation of the percentage of sand, silt, and clay in each sample, a 
textural triangle was used to classify the soil. Soil moisture content was not 
calculated because of variability in the condition of dens at the time of collection. 
Some dens had flooded or contained standing water, therefore some samples 
were saturated and actually obtained under water, while others were very dry. 
This variability precluded meaningful analysis, although soil moisture content 
could be a factor in den selection by bears in a study area that is characterized 
by relatively flat and low-lying habitats.
Statistical tests for den characteristics compare differences in den 
characteristics among years, sex, age classes, and female reproductive classes. 
Most variables were normally distributed except for entrance width, chamber 
volume, and nest length, which were log-normally distributed. Multivariate 
Analysis of Variance was used to test for differences (P< 0.05), followed by post- 
hoc tests of specific effects using SYSTATs MGLH procedure (Wilkinson 1988).
Den entrance aspects were divided into five categories, four 90°- 
divisions, each centered on a compass direction (N, S, E, and W), plus a fifth 
category of flat (no aspect). Chi-square was used to test for differences between 
observed frequencies and expected, assuming equal distribution within the five 
categories (P< 0.05).
11
Den-site Habitat
Habitat types delineated on the vegetation map were visually compared to 
1986 infrared aerial photos and extensively verified on the ground to ensure 
accuracy. Percent of available habitat was determined by measuring the areal 
coverage of each habitat type within the annual home range of each bear, using 
a digital planimeter on a 1:1,320 scale map (McDonald et al. 1991). The 
measured areas excluded identifiable streams and lakes. The den-site habitat 
types were summed for all dens (individual variation was not considered, so each 
den observed per bear, per year, was considered independent) and then 
compared with the percentage available within these same bears' annual home 
range polygons. A Chi Square test was used to test the null hypothesis of no 
difference between use and available habitats considering all habitats 
simultaneously (P< 0.05), then a 95% Bonferroni joint confidence interval was 
used to test for difference considering each habitat individually (Neu et al. 1974, 
Byers et al. 1984).
RESULTS
From 1988-1990, we aerially located 57 dens of 27 individual bears (16 F 
and 11 M), and we visited 41 dens on the ground to obtain measurements.
Den Chronology
Mean time intervals between radio locations used to establish den entry 
and emergence dates for all years were 10.9 ± 7.5 days (range 0-24 days). If 
den entrance dates for 1990-91 (a year with difficulties obtaining flights) are not
12
included, the mean interval drops to 7.9 ±4.8 days (range 0-16 days), and 
statistical differences observed remain valid.
Den entry was significantly earlier, and the total den period was 
significantly longer in 1988-89 than other years (Table 2). Sample sizes for the 
various categories vary, because we failed to observe the entrance and/or 
emergence of some bears. Our sample may be biased towards females and 
bears with an earlier entry date, a later emergence date, and a longer total den 
period. For example, we know that 11 male and 3 female bears had shorter 
denning periods than those we reported, but they were excluded from analysis 
because they entered dens after our final flight in the fall and/or 
emerged prior to our first flight in the spring.
Differences in denning chronology between the sexes show a consistent 
pattern of males denning later than females (4 Oct vs. 30 Sep), emerging earlier 
(15 Apr vs. 23 Apr), and having a shorter total den period than females (195 days 
vs. 208 days) (Table 2). Inclusion of the 11 males, and 3 females with shorter, 
though unrecorded, den periods would increase the observed difference between 
the sexes.
Differences in denning chronology between adult and subadult black 
bears were generally insignificant (Table 2). Adults denned significantly earlier 
than subadults in 1989; however our sample includes few adult males, which 
probably accentuates this difference.
Table 2. Comparisons of Tanana Flats black bear denning chronology (mean dates ± SD in days) among years, sex, age, and female reproductive classes.
PEN ENTRY PATES* EMERGENCE PATES- PEN PERIOP (days)
Group
1988-89
Mean SP n Range Mean SP n Range Mean SP n Range
Males 29 Sep* 2 2 27 Sep-30 Sep 22 Apr 4 2 19-24 Apr 209* 0 1 209
Females 19 Sep* 0 5 19 Sep 24 Apr 0 7 24 Apr 217* 0 5 217
Adult 19Sep 0 3 19 Sep 24 Apr 0 4 24 Apr 217 0 3 217
Subadult 24 Sbd ? 4 19 SeD-30 SeD 23 Apr 2 5 19-24 Apr 214 5 3 209-217
Mean 22 Sep* 5 7 19 Sep-30 Sep 23 Apr 2 9 19-24 Apr 216* 3 6 209-217
1989-90
Males 6 Oct 5 4 05 Oct-09 Oct 13 Apr* 3 5 10-17 Apr 190* 2 3 188-191
Females 2 Oct 6 14 26 Sep-09 Oct 23 Apr* 5 12 10-26 Apr 204* 8 11 187-212
Adult 1 Oct* 5 12 26 Sep-05 Oct 19 Apr 7 12 10-26 Apr 203 10 9 187-212
Subadult 8 Oct* 4 3 05 Oct-09 Oct 21 Apr 3 3 14-26 Apr 196 5 5 190-203
Mean 3 Oct 5 18 26 Sep-09 Oct 19 Apr 7 17 10-26 Apr 201 9 14 187-212
1990-91
Males 5 Oct 12 6 25 Sep-19 Oct No data No data
Females 2 Oct 12 10 25 Sep-19 Oct No data No data
Adult 3 Oct 11 16 25 Sep-19 Oct No data No data
Subadult No data No data No data
Mean 3 Oct 11 16 25 Sep-19 Oct No data No data
POOLEP YEARS
Males 4 Oct 8 12 25 Sep-19 Oct 15 Apr* 5 7 10-24 Apr 195* 10 4 188-209
Females 30 Sep 9 29 19 Sep-19 Oct 23 Apr* 4 19 10-26 Apr 208* 9 16 187-217
Adult 1 Oct 9 31 19 Sep-19 Oct 21 Apr 7 16 10-26 Apr 207 10 12 187-217
Subadult 2 Oct 8 10 19 Sen-09 Oct 22 Apr 4 10 14-26 Aor 203 11 8 190-217
Mean 1 Oct 9 41 19 Sep-19 Oct 21 Apr 6 26 10-26 Apr 205 10 20 187-217
FEMALE REPROPUCTIVE CLASSES (POOLEP YEARS)
Pregnant 23 Sep 4 5 19 Sep-26 Sep 24 Apr 1 6 24-26 Apr 213 4 5 210-217
W/cub,yrl 25 Sep 1 5 24 Sep-26 Sep 26 Apr 0 2 26 Apr 212 0 2 212
Barren 3 Oct 10 13 19 Sep-19 Oct 20 Apr 7 5 ’ 10-26 Apr 202 12 4 187-217
Immature 2 Oct _LQ_..3. 19 Seo-09 Oct 25 Apr 1 6 24-26 Aor 207 10 3 137:217
* Median of last active observation and first denning observation. 
b Median of last denned observation and first active observation.
' Pesignates a significant difference between groups.
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Among the female reproductive classes, pregnant females denned first 
and had the longest den period, followed by females with young, subadults, and 
then barren adult females (Table 2). Emergence started with barren females, 
followed by pregnant (at den entry) females, subadults, and females with 
yearlings.
Den Characteristics
Den Construction.—Thirty-fou r (83%) of the 41 dens we visited were 
excavated, 5 (12%) were on the surface, and 2 (5%) were located in natural 
cavities. Nine excavations had tunnels (90 cm ± 10) leading into the den, the 
others opened more or less directly into the sleeping chamber. Three of the 
surface dens were massive piles of grasses and sedges that the bears collected 
and then tunneled into. Two surface dens were open nests with an ice chamber 
created by snow as it melted away from the bears. One of the natural cavities 
was created when the roots of a partially toppled white spruce created a large (4 
x 6 m) subterranean chamber. The other had been created by water eroding a 
tunnel along the bottom of a ravine. Six (18%) of 34 dens revisited the following 
summer showed evidence of reuse (vegetation growing on the den walls or 
tailings, indicating the existence of the den for greater than 1 year). Most dens 
were relatively stable (only 3 had collapsed), but 10 dens (29%) had flooded by 
the following June. All dens had nests, averaging 80% (± 24, n=34) chamber 
coverage, and composed mainly of grasses and sedges.
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So/7.~Analysis of soil samples from 27 dens revealed the following particle 
size profile (mean ± SD): clay (13.1% ± 7.8), silt (55.6% ± 18.8), and sand 
(30.6% ± 19.8). This is classified within the textural triangle as silt-loam 
(Bouyoucos 1962). Organic content was 10.5% ± 9.9, and the mean depth to 
frozen ground was 55.6 cm ± 14.6 (n=25). The particle-size profile did not differ 
significantly from the values reported for Tanana Series Soils in a general survey 
of the Fairbanks area (Rieger et al. 1963).
Den Measurements.--Comparisons of the measured variables (Table 3) 
among years showed that only nest thickness varied, with 1988-89 nests 
being significantly thicker (18 cm ± 8, n=9) than those in 1989-90 (12 cm ± 5, 
n=21) and 1990-91 (8 cm ± 3, n=9). Comparisons between sexes showed males 
to have higher den entrances (48 cm ± 12, n=13 vs. 38 cm ± 8, n=25), 
and longer dens (188 cm ± 57, n=12 vs. 147 cm ± 44, n=25) than did females. 
Comparisons between age classes showed no significant differences between 
adults and subadults. Comparisons among female reproductive classes showed 
den length of females with offspring to be significantly longer (188 cm ± 28, n=5) 
than those of barren adults (138 cm ± 25, n=8) or subadults (117 cm ± 24, n=7). 
They were also longer than dens of pregnant females (163 cm ± 70, n=5), but 
this difference was not significant.
Aspect.--Even though the study area is flat, many dens were located in 
areas with small elevated humps allowing the aspect of entrance holes to be 
determined. Thirty-eight percent (n=13) opened towards the north, 32% (n=11) 
were flat with no aspect, 18% (n=6) faced west, 9% (n=3) faced east, and 3% 
(n=1) faced south. Assuming equal availability, north-facing den entrances were
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used significantly more than expected. The other directions and flat aspect were 
not significantly different from expected.
Den-Site Habitat.-k\\ but three dens were located on the Tanana River 
Flats. One bear moved across the Tanana River to hills northwest of the study 
area, and 2 bears denned on Tanana River islands.
Analysis of habitat availability measured within each bear's home range, 
showed no significant differences among years or groups. Samples of den-site
Table 3. Measured characteristics of black bear dens onthe Tanana River Flats, Alaska,
1988-90. Asterisks indicate significant differences for the indicated variable within 
that particular subgroup.
Significance
Den Characteristic Mean (cm)SD n Range (cm) Years Sex Age Repro
Entrance height 42 10 38 28-76 - * - -
Entrance width 43 10 38 19-62 - - - -
Entrance Area (m2) 0.2 0.1 38 0.1 - 0.4 - * - -
Chamber height 63 17 39 32-105 - - - -
Chamber width 106 28 39 41 - 169 - - - -
Chamber length 139 50 37 71 - 295 - - - -
Chamber volume (m3) 1.0 0.7 37 0.2 - 3.5 - - - -
Den length 160 52 37 81 - 295 - * - *
Nest thickness 12 6 39 3-30 * - - -
Nest length 98 38 39 41 - 232 - - - -
Roof thickness 23 8 15 5-36 ■ - - ■
habitat were insufficient for comparisons among the various subgroups of bears. 
Analysis of all den-site habitat versus habitat availability was significant 
considering all habitat types simultaneously (& =  80.78, P> 0.01). Subsequent 
95% joint confidence intervals revealed a preference for the willow-alder and 
black spruce-tamarack habitats, and an avoidance of marshland and heath 
meadow habitats (Fig. 2). There was no difference between use and availability 
in the birch-aspen or white spruce habitat types.
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HABITAT TYPES
Fig. 2. Den-site habitat selection for Tanana Flats black bears. Marsh and heath 
meadow habitats were used significantly less; and willow-alder and black spruce 
were used significantly more than available.
DISCUSSION 
Den Chronology
The observed denning periods for black bears in interior Alaska are 
generally consistent with those of other bear populations in Alaska and are 
among the longest reported. In the Susitna River Basin, in southcentral Alaska, 
the reported denning periods of 218 days for black bears (Schwartz et al. 1987) 
and 201 days for brown bears (Miller 1990) are the longest known denning 
periods for each species. Our den periods of 205 days reflect both the earlier 
entrance and earlier emergence of the Tanana River Flats population compared
60 - ALL BEARS COMBINED
50 - i
1 Habitat available within bear ranges 
| Den site habitat selection (n—54)
|_ 40-
zLLI
O 30 -
ECLLIQ_ 20- *(-)
(+) 1*
10 - j j 11 H 1*
(-) 1 P 11 I IMarshand Heath Meadow WilAltow-Jer Blrch-Aspen BlackSpruce WhiteSpruce
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to these southcentral Alaskan bears. Earlier emergence is probably due to an 
earlier snowmelt in the low-lying Flats as compared to the mountainous terrain of 
the Susitna River Basin, and may be in response to den flooding (Alt 1984).
Annual comparisons reveal an earlier mean entry date for 1988 which, 
when coupled with later emergence, cause the total den period to be longer in 
1988-89 also. Variation in date of den entry has been attributed to abnormal 
temperatures (LeCount 1983, Miller 1990), abnormal precipitation (Lindzey and 
Meslow 1976), variable food availability (Tietje and Ruff 1980, Beecham et al. 
1983, Schwartz et al. 1987), or some combination of these factors (Lindzey and 
Meslow 1976, Johnson and Pelton 1980). Early den entrance on Tanana River 
Flats did not correspond with any obviously significant differences in weather 
data among years (NOAA, monthly climatological data summaries).
Temperature, precipitation and snowfall were similar among years and there was 
no clear connection between den entry dates and specific weather data. We 
have no data on food availability, but there was no obvious difference among 
years, and lowbush cranberries (Vaccinium vitis-idaea), a preferred food, (Hatler 
1967, Smith 1984) were still available after bears had denned. Therefore the 
difference among years is probably a result of some combination of these factors 
or an artifact of the smaller sample size in 1988.
Comparisons of the separate bear classes generally agree with the trends 
observed in other populations. Our comparisons between sexes show a 
consistent trend of males denning last and emerging first, similar to most other 
studies (Jonkel and Cowan 1971, Lindzey and Meslow 1976, LeCount 1983, 
Schwartz et al. 1987). Comparisons of age classes showed generally
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insignificant differences though 1 group (entrance dates, 1989-90) showed adults 
to den significantly earlier than subadults. This is probably the result of our 
sample, biased against adult males. Comparisons of female reproductive 
classes revealed no significant differences, but they followed the same pattern as 
in most other studies (Tietje and Ruff 1980, O'Pezio et al. 1983, Beecham et al. 
1983, Schwartz et al. 1987). Specifically, pregnant females denned first, 
followed by females with young, subadult females, and then barren adult 
females. Pregnant females also had the longest denning period followed by 
females denning with young, subadult females, and then barren adult females.
An extended denning period by pregnant females in harsh climates may 
be a conservation measure to mitigate the upcoming increased energy 
expenditure of parturition and lactation (Tietje and Ruff 1980). Once some 
minimum physical condition is attained, which enables successful reproduction 
(Rogers 1976, Alt 1989), the energetic costs of denning may be less than the 
costs of continuing to forage under potentially adverse environmental conditions. 
Bears in the Tanana River Flats may have difficulty extending their denning 
period because of the already shortened growing season, characteristic of this 
harsh climate. Females may therefore select their den sites with greater care or 
preparation such that their total energy loss over the denning season is reduced 
(Johnson et al. 1978, Pelton et al. 1980, Tietje and Ruff 1980). Limited evidence 
for this was found when 5 of our 9 "best" dens, (i.e. those that had been 
excavated with long tunnel entrances and with substantial amounts of additional 
nesting material) were dug by pregnant females or females with young.
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Den Characteristics
Folk et al. (1972) reported that radiant heat from the earth raised the 
temperature of an unoccupied, excavated den near Fairbanks, Alaska by 37°C 
over ambient air temperature. This would result in substantial energy 
conservation according to the model by Johnson et al. (1978), which noted a 
15% energy savings in a simulated closed-tree den over a surface-ground den in 
Tennessee. The insulative value of additional nesting material would allow even 
greater energy conservation by reducing conductive heat loss from the bear to 
the ground (Reynolds et al. 1976, Tietje and Ruff 1980). In the Tanana River 
Flats, where temperatures can reach -50°C for extended periods, most den sites 
were excavated and all dens included nest material. Nests were actually thicker 
in 1988-89, but we hesitate to suggest that the bears in some way predicted the 
exceptionally cold winter that occurred. Many of the excavated dens had 
additional nesting material covering the dens and entrances. In fact, three of the 
surface dens were formed by the bears tunneling into large piles of this 
accumulated nesting material. One female, while denning with 3 yearlings, had 
constructed a huge pile of grass (approximately 2.5 m dia. x 1.5 m high) and then 
tunneled into the middle of the pile to construct the den chamber. It appears that 
black bears are able to adjust their den requirements to meet the environment 
they occupy by utilizing whatever materials are available.
While excavated dens appear to be favored, some bears denned 
successfully without the advantages of an excavated den. Because black bears 
on the Tanana River Flats, with limited habitat options, can still create dens 
sufficient to withstand the most extreme environmental conditions, it seems
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unlikely that they would fail to do so in any other areas. Therefore, potential den- 
sites are probably rarely, if ever, limited by suitable habitat. This is especially 
true for black bears occurring in areas where snowfall can provide additional 
insulative protection. Other factors, such as human disturbance (Johnson and 
Pelton 1981) and risk of predation (Alt and Gruttadauria 1984, Rogers and Mech 
1981, Smith and Follmann 1993) may interact with denning requirements to 
create a limitation on available den sites.
Because of the flat nature of the study area, the reason for significant 
selection of north-facing den entrances is unclear. It is possible that even small 
changes in slope, if angled towards the north, may effectively delay snowmelt 
and thus extend occupation of the den.
Bears avoided the heath meadow habitat types probably because they are 
often wet bogs, with few tree roots for structural support of an excavation, and 
dens may become flooded earlier in the spring. We did locate some dens in 
dryer sections of heath meadows, usually under an isolated stand of tall shrubs 
or on a built-up pile of nesting material. The selection for willow-alder and black 
spruce-tamarack habitats can perhaps be explained by the use of their root 
systems for structural support of the den. Schwartz et al. (1987) reported a 
similar preference for black bears denning in the relatively flat Kenai Peninsula, 
Alaska.
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CONCLUSIONS
We reject the null hypothesis that denning chronology will not vary 
between sexes and conclude that female black bears on the Tanana River Flats 
den earlier and remain denned longer than males. We fail to reject the null 
hypotheses of no difference in denning chronology among age or female 
reproductive classes. We reject the null hypothesis that den characteristics will 
not vary significantly among sex, age, and reproductive classes and conclude 
that males have larger dens than females and females with cubs have the largest 
dens among females. We also reject the null hypothesis that den-site habitat 
selection will be in proportion to habitat availability because Tanana River Flats 
black bears significantly favored black spruce and willow-alder habitats while 
avoiding marshland and heath meadow habitat types.
These results illustrate the denning ecology of the northernmost 
population of bears studied to date and are similar to the results of other Alaskan 
black bear studies. Managers can consider these results as suggesting the limits 
of possible responses from black bears when evaluating programs that may 
impact on denning ecology of their local populations. Also it appears that 
evaluation of denning habitat on a micro-site scale is not justified unless other 
nonenvironmental factors are judged to be important. Large scale habitat 
evaluation and, if necessary, seasonal protection from disturbances in the 
appropriate habitat types, is probably a more efficient means of ensuring 
adequate denning habitat availability.
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CHAPTER 2: BLACK BEAR HABITAT AND DEN-SITE SELECTION IN
INTERIOR ALASKA2
ABSTRACT:
From 1988-90 we recorded habitat use and den-site selection of 25 radio­
collared black bears (Ursus americanus) on the Tanana River Flats, Alaska. 
Habitat and den-site selection were compared between and within seasons, 
sexes, age groups, and among female reproductive classes of bears. Black 
spruce-tamarack and birch-aspen habitats were selected, marshland and heath 
meadow habitats were avoided, and white spruce and willow-alder habitats were 
used proportional to availability. Marshland and birch-aspen habitats were used 
significantly more in spring than autumn. We observed no significant differences 
in habitat selection between sexes, ages, or among reproductive classes of black 
bears. Within categories of black bears, marshland habitats were avoided by all 
bears in all seasons, black spruce-tamarack was the most selected habitat in 
autumn, whereas birch-aspen was the most selected in spring. Investigation of 
44 den sites showed that bears selected willow-alder habitats, and avoided 
marshland and heath meadow habitats for den sites. Although our power to 
discriminate was low, no differences in den-site choices between sex, age or 
reproductive classes were observed.
2 Smith, Martin E., John L. Hechtel, and Erich H. Follmann. In-prep. Black bear habitat and den- 
site selection in Interior Alaska.
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INTRODUCTION
Management of black bears is complicated by the variability in habitat use 
exhibited by this species, which occupies environments from central Mexico to 
Alaska (Poelker and Hartwell 1973). Many specific ecological relationships of 
black bears inhabiting interior Alaska are unknown. Indeed, few data exist on 
habitat selection by black bears in the most northern latitudes of the species’ 
range. Several studies conducted in southcentral Alaska (Modafferi 1982, Smith 
1984, Schwartz et al. 1983, 1985, Miller 1987, Schwartz and Franzmann 1991) 
provide broad perspectives of black bear ecology in northern environments. 
Whether these results will hold for bears further north is uncertain.
Diets determined for other northern populations of black bears reveal 
some general trends. Horsetail (Equisetum sp.) was the most important spring 
food of black bears in interior Alaska (Hatler 1967) and the Pelly River Valley, 
Yukon Territory (MacHutchon 1989). But, in autumn, blueberries (Vaccinium 
uliginosum) were most important in Alaska, whereas bearberry {Arctostaphylos 
uva-ursa) and soapberry (Sheperdia canadensis) made up the largest percent of 
black bear diets in the Yukon. In southcentral Alaska, low-bush cranberry 
(Vaccinium vitis-idaea), meat, and berries of devil's club (Echinopanax horridum) 
made up the largest portion of black bear diets (Smith 1984, Miller 1987). These 
differences in food habits illustrate the problems of extrapolating data from other 
areas, even when habitats are similar.
Another source of variation in habitat management involves differing 
requirements for den sites. At the northern extremes of their range, black bears 
may reside in dens for up to 8 months (Schwartz et al. 1987, Smith et al. 1994), 
whereas in southern areas they may remain active year-round (Graber 1990). In
the North, where the winters are harsh and denning is prolonged, den-site 
selection may be critical for survival.
To make appropriate decisions, managers need a relevant, local 
evaluation of the importance of different habitat types to the persistence of a 
black bear population (Lindzey and Meslow 1977). Availability of an adequate 
food supply has been shown to influence reproductive success and growth of 
bears (Schwartz and Franzmann 1991). In the harsh northern environments, 
shortened growing seasons and less-varied diets may force bears to be even 
more selective in their choices of habitat. Additionally, interspecific interactions 
with grizzly bears (U. arctos) and wolves (Canis lupus) also may limit the habitat 
choices available for black bears. Our study population is the northernmost 
population of black bears studied using radio-telemetry, and nears the northern 
extreme of their range. Human disturbance also is expected to increase 
substantially in our study area (the U.S. Army Tanana Flats Training Area). 
Management authorities needed baseline information on population dynamics, 
habitat selection, and effects of recreational hunting to identify potential conflict 
areas which would enable them to impose restrictions, as necessary, on military 
or recreational activity (Hechtel 1991). Our objectives were to: 1) document 
habitat selection of radio-collared black bears; and 2) document habitat selection 
for den sites of black bears.
Hypotheses.--We tested the following null hypotheses: 1) black bears use 
Tanana River Flats habitats proportional to habitat availability; 2) black bear 
habitat selection does not vary between seasons, sexes, age classes, or among 
reproductive classes; 3) den-site habitat is selected proportional to habitat
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availability; and 4) den-site habitat selection does not vary significantly between 
sexes, between ages, or among reproductive classes.
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STUDY AREA
This study was conducted on the Tanana River Flats, a 2,000 km2 area 
located immediately south of Fairbanks, Alaska (64° 50'N -148° 00'W). The 
study area was bordered on the north and east by the Tanana River, on the west 
by the Wood River and extended southward to Blair Lakes. Due to limited
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access, most trapping and vegetation sampling was conducted along major 
waterways in the approximately 500 km2, U. S. Army Tanana Flats Training Area 
(TFTA) (Fig. 1).
The population of black bears inhabiting the Tanana River Flats is located 
near the northern extreme of the range for this species (southern slopes of the 
Brooks Range, 350 km to the north; Manville and Young 1965). Densities of 
black bears have been estimated at 67 bears/1000 km2 (not including cubs) 
(Hechte! 1991); and grizzly bear densities are low, possibly limited to transients 
from the neighboring foothills of the Alaska Range (Reynolds and Hechtel 1988). 
The topography is mostly flat with elevations ranging from 120-185 m above sea 
level. Three widely scattered hills offer the only relief with elevations of 282, 287, 
and 429 m above sea level.
Average annual temperature for the Fairbanks area during the study 
period 1988-1990, was -2°C (30 year mean was -3°C), monthly average 
temperatures ranged from -30°C (Feb 1990) to 19°C (July 1988), with extremes 
of -46°C (30 Jan 89) and 32°C (4 July 1990) (NOAA Monthly Climatological 
Summaries, Fairbanks International Airport).
Average annual precipitation from 1988-90 was 33.4 cm (30-year mean = 
28.4 cm), and the average annual snowfall was 249 cm (30 year mean = 170 
cm), (NOAA Monthly Climatological Summaries, Fairbanks).
Vegetation is broadly characterized as interior boreal forest or taiga 
(Viereck et al. 1992). Six specific habitat classifications are based on a 
vegetation map of the Tanana River Flats (Coady 1973, LeResche et al. 1974). 
For this study, spruce habitat was subdivided into white spruce (Picea glauca) 
and black spruce (P. mariana) types. The 6 habitat types were identified by their
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dominant vegetation: 1) Marshland-marshes, shallow ponds and their aquatic 
margins, and shallow streams where movement of water is slow enough to allow 
emergent vegetation; 2) Heath meadow (muskeg)--low shrubs and widely 
scattered trees in which patches of shrub birch (Betula glandulosa) are common; 
3) Willow-alder--willow (Salixsp.) and alder (Alnus sp.) thickets; 4) Birch-aspen-- 
paper birch (B. papyrifera), quaking aspen (Populus tremuloides), and 
cottonwood (P. balsam if era) forests; 5) Black spruce-tamarack--black spruce, 
and tamarack (Larix laricina) forests; and 6) White spruce-white spruce forests 
(Coady 1973).
Since these habitat classifications were made, Viereck et al. (1992) have 
completed "The Alaska Vegetation Classification" (AVC), a statewide vegetation 
classification system that is now used for most habitat descriptions across 
Alaska. Appendix A correlates the 6 habitat classifications in this study with the 
more detailed classifications of the AVC.
METHODS 
Bear Capture
Bears were captured using Aldrich leg-hold snares (Flowers 1977), barrel 
traps (Schwartz et al. 1983), or were darted from helicopters (Reynolds and 
Hechtel 1983). Bears were immobilized with either a 2:1 mixture of Ketamine 
HCL/Xylazine (Ketaset/Rompun, 300 mg/45.4 kg estimated body weight) or with 
Tiletamine HCL/Zolazepam HCL (Telazol, 280 mg/45.4 kg estimated body 
weight). Adult bears were fitted with standard radio-collars and subadults with 
special "break-away" collars (Telonics, Mesa, AZ). Standard morphological 
measurements were taken from captured bears, a premolar tooth was extracted
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for aging by counting cementum annuli (Willey 1974), numbered ear tags 
installed, and a lip tattooed. These procedures complied with the American 
Society of Mammalogists guidelines (1987) and were approved by an 
independent animal welfare committee at the University of Alaska Fairbanks.
Radiotracking
Aerial radiotracking of bears began after the first collars were attached, 
and locations were obtained between the hours of 0600 and 1900, at 1 to 2 week 
intervals. At each location, we attempted to observe the bears from the aircraft 
and identify the habitat type the bear was in when first observed. Bears that 
moved from one habitat to another during the period of observation were 
assigned to the first habitat type. Mixed habitat types were denoted by the most 
dominant type or, if we were unable to distinguish dominance, the mixture was 
recorded. Home-range areas were estimated with the minimum-convex polygon 
for each bear (Mohr 1947) and averaged over each subset of bears described.
Habitat Characterization
Habitat classifications for the Tanana River Flats were based on a 1:1,320 
vegetation map (Coady 1973). The map was verified with ground visits to 66 
randomly selected stands and 28 den sites of black bears, revealing only 1 
misidentified stand, suggesting a map accuracy of 98%. Comparisons of habitat 
delineations with 1986 infrared aerial photographs or observations made during 
aerial reconnaissance, showed no major inconsistencies in the precision of the 
mapped categories. The exceptions to precise delineations of stands occurred 
where stands were adjacent to meandering waterways, or in areas that had
burned, although most burned areas were still identifiable as their former habitat 
type.
Percentages for each habitat type occurring within the 2,000-km2 study 
area were estimated by overlaying the vegetation map with a uniform dot matrix 
and counting the hits within each habitat type (Schemnitz 1980). Because the 
2,000-km2 study area was not equally accessible for ground sampling, 
percentages of each habitat type within a subjectively determined, accessible 
area (1.6 km on either side of navigable waterways, approximately 300 km2) 
were also estimated. By counting the hits within each habitat we calculated the 
percentage of each habitat type and could identify potential biases in habitat 
sampling.
Within this 300-km2 accessible area, stands of each habitat type were 
given a unique number, and then a subset was chosen randomly for vegetation 
sampling to characterize the floristic structure and variability within each habitat. 
Within each stand we sampled, 2 separate transects were located by determining 
Cartesian coordinates for the centers of each transect using a table of random 
numbers. The orientation of each transect (N-S or E-W) was determined by coin 
toss. Initially each transect was 30 m long, but this was later reduced to 15 m 
because of time constraints. The transects were used to determine species 
composition and percent cover for trees and shrubs by measuring the crown 
cover for all species that intercepted the line (Canfield 1941). A 0.25-m2 quadrat 
was placed along each transect at 4 equidistant locations to sample cover of 
vegetation at ground level. Ground cover of plants was estimated visually, and 
the percent cover of each species occurring within the quadrat frame was 
recorded.
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Den sites were first visited during March or April, and a radio transmitter 
was left in place. Den sites were revisited the following summer to describe the 
vegetation using the sampling process described previously, but with the line 
transect centered on the den opening.
Habitat Selection
Habitat selection occurs when use is significantly greater than habitat 
availability. Avoidance occurs when habitat use is significantly less than 
availability. Percentages of available habitat were measured within the minimum- 
convex polygon (Mohr 1947) of each home range. Annual home-range polygons 
for each individual bear were superimposed on the vegetation map, and the areal 
coverage of each habitat type was measured with a digital planimeter. Available 
habitat was based on these measurements for each individual bear, over each 
year, and summed for the sample of bears. Habitat use was calculated for 
individual bears by dividing the number of observations within any one habitat 
type by the total number of observations for that bear.
Seasonal variation in selection was based on use during 2 subjectively 
divided seasons: spring includes den emergence through 15 July; and autumn 
spans 16 July through den entrance. Bears with <5 precise habitat observations 
within any particular sampling period (annual, spring, or autumn) were excluded 
from analysis for that period.
Den-site habitat was documented during aerial reconnaissance and later 
verified with winter and summer ground visits. Habitats used for den sites were 
summed for all bears and then compared with the mean percentage of habitats 
available within the home-range polygons of these same bears.
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Bear Ages And Reproductive Classes
Bears >5-years-old (the earliest age of reproduction) at the time of den 
emergence were considered adults. Independent (after weaning) bears <5- 
years-old were considered subadults. Cubs, yearlings, and 1 case of 2-year-olds 
still in the company of their mothers were not considered in this analysis. Female 
reproductive condition was assessed post-hoc by visually identifying females that 
emerged from dens with offspring. Females emerging from dens with cubs were 
therefore classified as "pregnant" the previous autumn. After emergence, bears 
observed without cubs were classified as "nonreproductive", although this may 
have included pregnant individuals that lost their fetuses or cubs during winter. 
Females emerging with cubs or yearlings were classified as "females-with- 
young."
Statistical Tests
Habitat Selection.-The habitat data was appropriate for the Design III 
category of Thomas and Taylor (1990) because resource units available to and 
used by each individual animal are identified. Analysis of habitat selection 
followed the procedures of McDonald et al. (1991), computing selection ratios as 
ratios of means across all animals which incorporates individual variation into the 
standard errors.
These procedures estimate a resource selection function, Xj, for each 
habitat type (i = habitat 1-6), proportional to the probability of a particular habitat 
type being utilized. Because individual animals were identified and the 
percentage of each habitat, available to each individual animal, (py, for i = 1-6)
was accurately measured from maps, our data fit the category of "censused 
availabilities: Design III" in McDonald et al. (1991). Therefore the population
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selection ratio (assuming our radio-marked bears are a representative sample of 
the population) was estimated by Xj = (Ijny)/(Ijj[pjjn j]) (Equation 34, McDonald 
et al. 1991) where (Zynjp = the number of observations of the jth bear using the 
ith habitat, summed for all bears; and (Eylpyn j] = the proportion of the ith habitat 
type available within the jth bear’s home range multiplied by the total number of 
observations of the jth bear, and then summed for all bears.
The standard error of this selection ratio was computed with the following 
equation (derivation of Eq.13 McDonald et al. 1991, Dan Reed, [ADF&G-
Fairbanks] Pers. Comm. 1993): .
SEXj = { [N[Sj(Yj2)-2 Xj S(WjYj)+Xj 2 S(Wj2 ]/N-1] /  (Sj(W j))2} 1/2
where Yj = njj and Wj = (pjjn p.
Using the selection ratio and standard errors we calculated 95%
Bonferroni joint confidence intervals to determine use versus availability. If the 
resulting upper and lower limits contained 1.0 then there were no significant 
differences. If the interval was >1.0 then that habitat type was selected 
significantly more than would be expected by chance (available) and if the 
interval was <1.0 then that habitat type was selected less than expected.
We also compared the selection ratios between habitat types in a pairwise 
fashion by calculating the selection ratio Rjj = Xj/Xj for all possible pairs of habitat
types (i) and (j). Each of these combined ratios (a total of 15 possibilities) was 
then log transformed (to obtain more robust confidence intervals) and had 
standard errors (SE) calculated using the following equation (Eq. 40; McDonald 
et al. (1991):
SE(Xjj)= Xy [(SE(Xi))2/Xj2+(SE(Xj)2/Xj2-2(cov(Xj,Xj))/(XjX,) ] >/2
39
These values were then used in construction of 95% Bonferroni confidence 
intervals (McDonald et al. 1991). If this interval included 0.0 within the upper and 
lower boundary then we concluded that there was no significant difference in the 
relative probability of selection of habitat (i) and habitat G)• Pairs that failed to 
include 0.0 within their confidence intervals were classified as significantly 
different, with one habitat type being either preferred (interval above 0.0) or 
avoided (interval below 0.0) relative to that second habitat. Because of 
nonnormal distributions, selection of each habitat type was compared among the 
various categories of bears with Kruskal-Wallace (for groups with >2 members) 
or Mann-Whitney U (groups with only 2 members) test statistics. For multivariate 
tests of all habitat types simultaneously, we used the robust Hotelling's T2 
statistic even though normality assumptions were violated.
The use of the McDonald et al. (1991) method is appropriate for our data 
sets because this method uses the individual animals as the primary sampling 
unit and bases statistical inferences on variation of the selection ratios from 
animal to animal. An additional advantage is that it is not overly sensitive to the 
inclusion of habitats that are commonly available but seldom used (e.g., 
marshland).
Den-site Selection.-Because this analysis was based on a single 
observation per bear (the den), per year, there was no individual variation upon 
which to base the more elaborate analysis previously described. Therefore, for 
testing between categories we used a Chi-square analysis of contingency tables. 
For testing within categories we used a Chi-Square goodness-of-fit test on the 
pooled den-site selections to test the null hypothesis of no difference between 
used and available habitats considering all habitats simultaneously (P> 0.05). If
significant, a 95% Bonferroni joint confidence interval was used to test for 
differences considering each habitat individually (Neu et al. 1974, Byers et al.
1984).
RESULTS 
Bear Capture
From 1988-90, we monitored the activities of 25 black bears, composed of 
9 males and 16 females. Although not entirely independent, we evaluated the 
habitat and den-site selections for each individual year giving us annual samples 
of 8 adult males, 17 adult females, 9 subadult males, and 14 subadult females. 
During the study, 8 females gave birth to 18 cubs, yielding annual samples for 
the various reproductive classes of 8 females-with-young, 5 pregnant females, 6 
apparently nonreproductive adults, and 12 subadults.
Radio Locations and Home-Range Sizes
We obtained a total of 669 radio locations with an average interval 
between radiotracking flights of 9.9 ± 4.8 days (range 3 to 26 days). After 
excluding bears with <5 observations per season, or with uncertain habitat 
identification, 649 annual, 317 spring, and 283 autumn locations were used for 
analysis. We made visual observations in 51% of the locations and documented 
habitat use in 97% of the locations. Annual home-range sizes for all bears 
included in the analyses averaged 77 km2, with male ranges larger than females 
(154 km2 vs. 35 km2), and subadult ranges larger than adults (80 km2 vs. 74 km2) 
(Table 4).
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Table 4. Annual home-range sizes of black bears from Tanana River Flats, Alaska, 
1988-90. Values represent area within minimum convex polygons 
_________ averaged across all bears within the particular group.__________________
HOME RANGE (km2)
BLACK BEARS SAMPLED n MEAN SD RANGE
ALL BEARS Combined 48 77 94 2.8 - 389.8
SEX: Males 17 154 119 11.4-389.8
Females 31 35 32 2.8-151.7
AGE: Adults 25 74 93 2.8 - 389.8
Sub-adults 23 80 96 11.4-342.9
AGE & SEX: Adult Males 8 171 112 21.8 - 389.8
Subadult Males 9 139 130 11.4-342.9
Adult Females 17 29 27 2.8- 100.5
Subadult Females 
FEMALE REPRODUCTIVE CLASSES:
14 42 36 15.6-151.7
Pregnant 5 23 18 3.5- 53.1
With Young 8 16 10 2.8- 34.9
Barren Adult 6 53 33 25.6- 100.5
Barren Subadult 12 43 39 15.6-151.7
Habitat Characterization
Comparisons of estimated habitat coverage between the 2,000-km2 study 
area and the 300-km2 area adjacent to accessible waterways showed a bias in 
the amount of heath meadow (45% versus 35%) and willow-alder (7% versus 
18%) habitat represented. The habitat coverage of the home ranges of black 
bears captured within this 300-km2 area also reflected this bias, perhaps 
compounded by their habitat selections discussed later (Table 5).
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Table 5. Percent of each habitat type within Tanana River Flats, Alaska, derived
by different methods and covering differing portions of the area.
AMOUNT OF EACH HABITAT TYPE (%)
AREA ESTIMATED Marsh- Heath Willow- Birch- Blk. spruce- White
OR MEASURED land meadow alder aspen tamarack spruce
Estimate, 2000-km2 
study area. 1145 7 8 28a —
Estimate, 300-km2 
accessible area. 1135 18 10 26a —
Measured within 
home-ranges of 1440 
all black bears.
14 12 12 8
aCombines white spruce and black spruce-tamarack habitat types.
Species composition (Appendix C) and percent cover of plants (Appendix 
D) were extremely variable between stands sampled. A Kruskal-Wallace one­
way test revealed that 51 plant species were significantly different among the 6 
habitat types (P-values: 0.037 to <0.001). Among the plant species used by 
black bears as food (Hatler 1972, Smith 1984, MacHutchon 1989), Vaccinium 
spp. were most abundant in black spruce-tamarack habitats and Equisetum spp. 
(E  pratense and E. arvense) were most abundant in birch-aspen habitats (Table 
6).
Habitat Selection
Annual and Seasonal Habitat Selection.-There was no difference 
among sampling years in habitat selection, for all bears combined, for any habitat 
type (Kruskal-Wallace: P-values of 0.17 to 0.81), or considering all habitat types 
simultaneously (Hotelling's T2 P= 0.29). Consequently years were pooled for
Table 6. Percent cover (mean, SD) for the most important bear foods from vegetation transects within the six 
habitat types of Tanana River Flats, Alaska, 1988-90.
HEATH WILLOW- BLACK WHITE
MARSH MEADOW ALDER BIRCH-ASPEN SPRUCE SPRUCE
PLANT (n=16) (n=24) (n=20) (n=22) (n=26) (n=24)
SPECIES
MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD
Gramineae sp. 4.89 2.39 2.90 1.94 2.08 1.79 2.24 4.44 0.92 0.42 0.38 0.73
Equisetum arvense 0.30 0.64 2.96 6.52 5.03 9.74 1.23 2.75 1.50 3.90
E. pratense 0.02 0.04 0.05 0.19 2.48 4.31 5.91 8.18 1.29 2.40 5.78 6.09
Cornus canadensis 0.58 1.82 2.00 3.49 0.76 1.13 2.01 2.33
Vaccinium uliginosum 9.52 14.40 0.15 0.50 9.56 12.40 0.18 0.48
V. vitis-idaea 1.04 1.64 0.26 0.61 0.34 0.72 15.82 7.78 6.35
Rosa acbularis 15.21 14.37 2.32 3.12 15.75 7.93
Viburnum edule 0.65 0.97 2.63 4.23 0.12 0.29 2.20 3.05
-P*.
CO
subsequent analyses. Variation in annual habitat use (relative to availability) by 
ndividual black bears was greatest in heath meadow habitat and least in white 
spruce and marshland habitats (Fig. 3).
Analysis of pooled data showed that black spruce-tamarack and birch- 
aspen types were selected significantly more than available. Marshland and 
heath meadows were avoided, and there was no significant difference between 
use and availability for white spruce or willow-alder habitats (Table 7). Pairwise 
comparisons among all possible pairs of habitat types, showed the probability of 
selecting black spruce-tamarack and birch-aspen was significantly greater than 
the probability of selecting marshland. No other significant differences occurred 
in pairwise comparisons of annual selection ratios between any 2 habitats (Table 
7).
Seasonally there was an overall difference in the selection of habitat 
between spring and autumn (Hotelling's I 2 P=  0.004), specifically marshland 
(Mann-Whitney U, P=  0.012) and birch-aspen (Mann-Whitney U ,P =  0.002) 
types were used significantly less in the autumn than spring. Variation in 
seasonal habitat use, (relative to availability) by individual black bears was 
greatest for heath meadow and least for marshland habitats, in both spring and 
autumn (Fig. 3).
Analysis of habitat use in spring showed birch-aspen and black spruce- 
tamarack to be selected, heath meadow and marshland were avoided, and the 
other habitats were used proportional to their availability. No significant 
differences occurred in pairwise comparisons of spring-selection ratios between 
any 2 habitat types (Table 7).
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Fig. 3. Individual variation in black bear habitat use -availability on the
Tanana River Flats, Alaska, 1988-90. Astericks indicate significant 
selection (+) or avoidance (-) from analysis of pooled samples.
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Table 7. Habitat selection of black bears on Tanana River Flats, Alaska, 1988-90. Habitats are listed in 
descending probability of utilization (USED) with use relative to % available under (SELECT). Habitats with 
the same letter under (SIG) were not significantly different in pairwise comparisons of selection probabilities.
ANNUAL SPRING 
USED SELECT SIG
AUTUMN 
USED SELECT SIG USED SELECT SIG
ALL BEARS COMBINED 
(n=48)
Black Spruce More
(n=36)
A
(n=40)
Birch-Aspen More A Black Spruce More A
Birch-Aspen More A Black Spruce More A Willow-Alder Even A
Willow-Alder Even AB Willow-Alder Even A White Spruce Even A
White Spruce Even AB White Spruce Even A Birch-Aspen Even A
Heath Meadow Less AB Heath Meadow Less A Heath Meadow Even A
Marshland Less B Marshland Less A Marshland Less A
MALES
(n=17)
Black Spruce Even
(n=12)
A
(n=15)
Birch-Aspen Even A Willow-Alder Even A
Willow-Alder Even A Black Spruce Even A Black Spruce Even A
Birch-Aspen Even A Willow-Alder Even A Birch-Aspen Even A
White Spruce Even A White Spruce Even A Heath Meadow Even A
Heath Meadow Even A Heath Meadow Even A White Spruce Even A
Marshland Less A Marshland Less A Marshland Less A
FEMALES
(n=31)
Black Spruce More
(n=24)
A
(n=25)
Birch-Aspen More A Black Spruce More A
Birch-Aspen More A Black Spruce Even A White Spruce Even A
White Spruce Even A Willow-Alder Even A Birch-Aspen Even A
Willow-Alder. Even A White Spruce Even A Willow-Alder Even A
Heath Meadow Less A Heath Meadow Less A Heath Meadow Even A
Marshland Less A Marshland Less A Marshland Less B
ADULTS
(n=25)
Black Spruce More
(n=21)
A
(n=21)
Birch-Aspen More A Black Spruce Even A
Birch-Aspen Even A Black Spruce Even A White Spruce Even A
Willow-Alder Even A Willow-Alder Even A Willow-Alder Even A
White Spruce Even A White Spruce Even A Birch-Aspen Even A
Heath Meadow Less A Heath Meadow Less A Heath Meadow Even A
Marshland Less A Marshland Less A Marshland Less A
SUBADULTS
(n=23)
Black Spruce More
(n=15)
A
(n=19)
Birch-Aspen More A Black Spruce More A
Birch-Aspen More A Black Spruce Even A Willow-Alder Even A
Willow-Alder Even A Willow-Alder Even A Birch-Aspen Even A
White Spruce Even A White Spruce Even A Heath Meadow Even A
Heath Meadow Less A Heath Meadow Less A White Spruce Even A
Marshland Less A Marshland Less A Marshland Less A
Analysis of habitat use in autumn showed only black spruce-tamarack to 
be selected more than available. Use of heath meadow, willow-alder, birch- 
aspen, and white spruce were proportional to availability, and marshland was 
avoided (Table 7). Again, no significant differences occurred in pairwise 
comparisons of autumn selection ratios between any 2 habitat types (Table 7).
Habitat Selection By Sex.--There were no significant differences 
between sexes in habitat selection for any habitat type (Mann-Whitney U, P 
values from 0.19 to 0.90) or for all habitats combined (Hotelling's I 2 P=  0.66). 
Individual variation in habitat use, (relative to availability) was consistently 
greatest in heath meadow habitats for both male and female black bears. Use of 
marshland habitat was least variable for male bears, whereas white spruce was 
the least variable for female bears (Fig. 4).
Males avoided marshland, and used all other habitat types proportional 
to availability, both annually and when sub-divided by seasons (Table 7). No 
significant differences occurred in pairwise comparisons of male selection ratios 
between any 2 habitats (Table 7).
Annually, females selected black spruce-tamarack and birch-aspen 
more than available, avoided heath meadow and marshland, and used white 
spruce and willow-alder proportional to availability (Table 7). During spring 
females selected birch-aspen, avoided heath meadow and marshland, and used 
black spruce-tamarack, willow-alder, and white spruce proportional to availability. 
During autumn, females selected black spruce-tamarack, avoided marshland, 
and used heath meadow, willow-alder, birch-aspen, and white spruce 
proportional to availability (Table 7). The probability of females selecting 
marshland in autumn was significantly less than all other habitat types in pairwise
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Fig. 4. Individual variation by sex, in black bear habitat use - availability on the 
Tanana River Flats, Alaska, 1988-90. Asterisks indicate significant selection (+) 
or avoidance (-) from analysis of pooled samples.
comparisons. No other significant differences occurred in pairwise comparisons 
of female selection ratios between any 2 habitat types (Table 7).
Habitat Selection By Age Classes.-There were no significant differences 
between age classes in habitat selection for any habitat type (Mann-Whitney U, P 
values from 0.13 to 0.95) or for all habitats combined (Hotelling's T2 P=  0.60). 
Individual variation in habitat use, (relative to availability) was greater for subadult 
black bears than adults with heath meadow the most variable in both age classes 
(Fig. 5).
Annually, adult black bears selected black spruce-tamarack, avoided 
heath meadow and marshland, and used birch-aspen, willow-alder, and white 
spruce proportional to availability (Table 7). During spring adults selected birch- 
aspen and avoided heath meadow and marshland. During autumn all habitats 
were used proportional to availability except marshland which was avoided 
(Table 7). No significant differences occurred annually or seasonally, in pairwise 
comparisons of adult selection ratios between any 2 habitat types.
Annually, subadults selected black spruce-tamarack and birch-aspen 
habitat types, avoided heath meadow and marshland and used willow-alder and 
white spruce proportional to availability (Table 7). Seasonally they followed the 
same pattern as adult black bears except that subadults selected black spruce- 
tamarack more than available in the autumn. No significant differences occurred 
annually or seasonally in pairwise comparisons of subadult selection ratios 
between any 2 habitat types (Table 7).
Habitat Selection By Female Reproductive Classes.-Females were 
subdivided into reproductive classes and no differences were found among the 
groups for any habitat type (Mann-Whitney U, P-values from 0.054 to 0.692) or
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Meadow Alder Aspen Spruce Spruce Meadow Alder Aspen Spruce Spruce
Fig. 5. Individual variaiton by age class, in black bear habitat use - availability on 
the Tanana River Flats, Alaska, 1988-90. Asterisks indicate significant selection 
(+) or avoidance (-) from analysis of pooled samples.
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considering all habitat types (Hotelling's 12 ,P=  0.223). However, our power to 
detect Type II errors is limited because of small sample sizes.
All reproductive classes of bears avoided marshland in both seasons. 
Pregnant females used all other habitats proportional to availability, preferring 
willow-alder, though not significantly. Annually, females-with-young selected 
birch-aspen habitats more than available and selected white spruce and birch- 
aspen proportionally more in autumn than spring (Table 8). Nonreproductive 
females preferred black spruce-tamarack, selecting that habitat more than 
available annually and in autumn (Table 8).
Den-site Habitat Selection
From 1988-1990, we aerially located 44 dens of 25 individual radio­
collared bears and verified 41 of these from the ground. We relocated 28 of 
these den sites during summer for documenting vegetation characteristics.
For all bears combined, den-site habitats were selected disproportionate 
to availability (A2 = 35.4, P<  0.001, n = 44). Marshland and heath meadow 
habitats were avoided and willow-alder habitats were significantly selected. 
There were no differences between use and availability for the other habitat 
types, although black spruce-tamarack was nearly significant, its value falling 
within the 95% Bonferroni joint confidence interval by 0.01 (Fig. 6).
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Table 8. Habitat selection of black bears by female reproductive classes, Tanana River Flats, 
Alaska, 1988-90. Habitats are listed in descending probability of utilization (USE) with use 
relative to % available under (SELECT). Habitats with the same letter under (SIG) were not
ANNUAL 
USED SELECT
SPRING AUTUMN 
‘ SIG USED SELECT SIG USED SELECT SIG
PREGNANT FEMALES
(n=5) (n=0) (n=5)
Willow-Alder Even A Willow-Alder Even A
Black Spruce Even A NOT APPLICABLE Black Spruce Even A
White Spruce Even A White Spruce Even A
Birch-Aspen Even A Heath Meadow Even A
Heath Meadow Even A Birch-Aspen Even A
Marshland Less A Marshland Less B
FEMALES WITH YOUNG
(n=8) (n=9) (n=5)
Birch-Aspen More A Birch-Aspen Even A White Spruce More A
White Spruce Even A Black Spruce Even A Birch-Aspen More A
Black Spruce Even A Willow-Alder Even A Black Spruce Even A
Willow-Alder Even A White Spruce Even A Willow-Alder Even A
Heath Meadow Less A Heath Meadow Less A Heath Meadow Even A
Marshland Less A Marshland Less A Marshland Less A
NONREPRODUCTIVE FEMALES (Adults and subadults combined)
(n=18) (n=15) (n=15)
Black Spruce More A Black Spruce Even A Black Spruce More A
Birch-Aspen Even AB Birch-Aspen Even A Birch-Aspen Even A
Willow-Alder Even AB Willow-Alder Even A White Spruce Even A
White Spruce Even AB White Spruce Even A Willow-Alder Even A
Heath Meadow Less B Heath Meadow Less A Heath Meadow Even A
Marshland Less B Marshland Less A Marshland Less A
NONREPRODUCTIVE ADULTS
(n=6) (n=7) (n=5)
Black Spruce More A Willow-Alder Even A Black Spruce More A
Birch-Aspen Even AB Black Spruce Even A White Spruce Even A
Willow-Alder Even AB Birch-Aspen Even A Birch-Aspen Even A
White Spruce Even AB White Spruce Even A Willow-Alder Even A
Heath Meadow Less B Heath Meadow Less A Heath Meadow Even A
Marshland Less C Marshland Less A Marshland Less B
NONREPRODUCTIVE SUBADULTS
(n=12) (n=8) (n=10)
Black Spruce More A Black Spruce Even A Black Spruce Even A
Birch-Aspen Even A Birch-Aspen Even A Birch-Aspen Even A
Willow-Alder Even A White Spruce Even A Willow-Alder Even A
White Spruce Even A Willow-Alder Even A White Spruce Even A
Heath Meadow Even A Heath Meadow Less A Heath Meadow Even A
Marshland Less A Marshland Less A Marshland Less B
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Meadow Alder Aspen Spruce Spruce
HABITAT TYPES
Fig. 6. Habitat availability and den-site habitat selections (% of total, n=44) of 
black bears on the Tanana River Flats, Alaska, 1988-90. Asterisks indicate 
significant selection (+) or avoidance (-).
Between sexes, there was no significant difference in habitats used for 
den sites (X2= 3.67, 4 df, P= 0.45). Within each sex, den-site habitat selection 
versus available habitat was significant, considering all habitat types 
simultaneously (males: X?= 22.2, P<  0.001, n = 15; females: X?= 19.1, P<
0.001, n = 31). Both males and females avoided marshland and heath meadow, 
and males selected willow-alder habitats greater than availability. All other 
habitats were used as den sites proportional to availability (Fig. 7).
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Fig. 7. Habitat availability and den-site habitat selections by sex (% of total, 
males: n=15; females: n=29) of black bears on the Tanana River Flats, 
Alaska, 1988-90. Asterisks indicate significant selection (+) or avoidance
(-)•
6 0  -  
5 0  -  
4 0  -
FEMALES
I I Habitat available within bear ranges 
Den site habitat selection (n=29)
3 0  -
i
2 0  -  
10 -
* 0
* (_) ^
'
i
Between age groups, there was no significant difference in habitats 
selected for den sites 4.52, 4 df, P= 0.34). Within each age group, den-site 
selection versus availability was significant considering all habitat types 
simultaneously (adults: A2 = 27.0, P< 0.001, n = 22; subadults: X*= 15.0, P<
0.005, n = 22). Both adults and subadults avoided marshland and heath 
meadow, and used the remaining habitats proportioned to availability for den 
sites (Fig. 8).
Among female reproductive classes, there was no significant 
difference in habitat types selected for den sites (A2 = 13.58, 12 df, P=  0.33). 
Within female reproductive classes, only nonreproductive adults showed 
significant selection of den sites versus available habitat considering all habitat 
types simultaneously (& =  30.1, P<  0.001, n = 5). Nonreproductive adults 
selected black spruce-tamarack and avoided marshland, heath meadow, birch- 
aspen, and white spruce habitats (Fig. 9).
DISCUSSION
Radio Locations and Home-Range Sizes
The use of minimum-convex polygon techniques for calculating home 
ranges has been criticized because peripheral locations can result in inclusion of 
areas never used by bears (Harris et al. 1990). This is a valid complaint, 
however, the minimum-convex polygon method is also more robust than other 
techniques when the number of fixes is low, and it provides results that are 
directly comparable with those of other studies (Harris et al. 1990). For these 
reasons, plus the relative ease of calculation, and to be consistent with the larger 
project, we chose to use the minimum-convex polygon method as well.
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Fig. 8. Habitat availability and den-site habitat selections by age class (% of 
total, adults: n=22, subadults: n=22) of black bears on the Tanana 
River Flats, Alaska, 1988-90. Asterisks a incate significant selection (+) 
or avoidance (-).
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Marshland Heath Willow- Birch- Black White
Meadow Alder Aspen Spruce Spruce
HABITAT TYPES
Fig. 9. Habitat availability and den-site habitat selection by females reproductive 
classes (%) of total, n=as indicated) of black bers on the Tanana River 
Flats, Alaska, 1988-90. Asterisks indicate significant selection (+) or 
avoidance(-).
58
The home-range sizes represented in our sample of black bears are 
comparable to home ranges from other Alaskan populations. Our home ranges 
are slightly larger than those reported for the Kenai Peninsula (Schwartz et al.
1985), Mitkof Island (Erickson et al. 1982), and Prince William Sound (Modafferi 
1982), perhaps due to reduced food availability in the harsher interior climate of 
Tanana River Flats. Yet, our home ranges were smaller than those reported for 
another interior Alaskan site, the Susitna River Valley (Miller 1987), perhaps 
because the flat terrain of the Tanana River Flats is comparatively milder than 
that of the mountainous Suisitna River Valley.
Habitat Selection
One potentially valid criticism of our analysis technique concerns 
measurement of habitat availabilities within the home ranges of radio-marked 
animals, because the animals may have already made some decisions 
concerning habitat selections before deciding on the area used (Johnson 1980). 
We think the home ranges, determined by the minimum convex polygon 
techniques, should be robust enough to reduce the effect of any possible biases.
Annual and Seasonal Habitat Selection.- Hatler (1967) reported that black 
bears near our study area consumed 71% horsetails (Equisetum spp.) in spring 
and 59% blueberries (Vaccinium uliginosum) in autumn. Other northern 
populations of black bears generally followed a similar dietary pattern, although 
sometimes with different berry species, ants, or meat as additional food items 
(Zytaruk and Cartwright 1978, Raine and Kansas 1989, Holcroft and Herrero 
1991, Schwartz and Franzmann 1991). We noted greater abundance of 
horsetails in birch-aspen habitats and greater amounts of low-bush cranberries 
and blueberries in black spruce-tamarack habitats. The greater availability of
these foods is probably the reason for preferential selection of these habitats by 
black bears.
Seasonally, the use of birch-aspen was lower in autumn than spring, likely 
reflecting the senescence and subsequent decreased dietary importance of 
succulent forbs and grasses. Use of black spruce-tamarack habitats remained 
high in autumn, and heath meadow use increased in autumn because of berry 
abundance. Although selection of heath meadows was proportional to 
availability, this represents considerable use because this habitat comprised 
about 40% of the study area.
Because the analysis is based on overall changes during relatively long 
seasonal periods small ephemeral effects may have been overlooked.
Habitat Selection By Sex.-Few studies have adequately differentiated 
habitat selection between sexes even though differences have been well 
documented in studies of home ranges and movements (Jonkel and Cowan 
1971, Amstrup and Beecham 1976, Alt 1977, Young and Ruff 1982, Rogers 
1987). Hugie (1982) showed that female black bears in Maine preferred older, 
mixed-growth forests, whereas males selected agricultural lands more than did 
females. Modaferri (1982) reported that in Prince William Sound, Alaska, female 
black bears selected south-facing avalanche slopes and males selected beach 
fringes, but it was unknown whether either habitat was "preferred" or whether one 
sex actively precluded the use of a habitat type by the other sex. Pelchat and 
Ruff (1986) reported differences between male and female black bears in Alberta 
with males preferring aspen habitat more than females and avoiding muskeg 
more strongly than did females. Young and Beecham (1986) noted that female
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black bears in Idaho avoided roads and selected forested habitats more than 
males.
On the Tanana River Flats, males were less selective than females, using 
all habitats except marshland, proportional to availability. This concurs with the 
results of the studies listed previously and reflects the greater mobility and larger 
home-range sizes common to male black bears. Increased use of birch-aspen in 
spring and black spruce-tamarack in autumn by females probably reflect their 
smaller home ranges coupled with selection of habitats containing seasonally 
important food items.
Habitat Selection By Age C/asses.-Differences in home range sizes and 
movement patterns between subadults and adults have been well documented, 
but seldom have these included detailed patterns of habitat use (Alt 1977,
Lindzey and Meslow 1977, Graber 1981). Erickson et al. (1982) delineated 
differences in habitat "use1 between sex and age classes of bears, but their 
measurements are simply habitat available within the home ranges of the various 
categories of bears and do not document actual use. Young and Ruff (1982) 
noted that subadult male black bears selected garbage dumps more than twice 
as much as adult males but gave no information on the female segment of the 
population. Pelchat and Ruff (1986), reporting on a very small sample from 
Alberta, noted no differences between adult and subadult males and the 
differences between subadult and adult females are difficult to interpret because 
they involved only 2 animals with nearly reversed results in subsequent years.
On the Tanana River Flats, adults and subadults were quite similar in their 
habitat selections. Annual selection of birch-aspen and autumn selection of black 
spruce-tamarack were significant for subadults versus no significance for adults.
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This result is probably influenced by the lack of strong selective preferences 
observed in adult males.
One further consideration for evaluating these results is that we used the 
earliest age of female sexual maturation, as the start of adulthood for both sexes. 
This creates the possibility of misclassifying some subadults as adults, and may 
reduce our power to detect differences between these two groups.
Habitat Selection By Female Reproductive Classes.-Females are perhaps 
the most interesting segment of the population because of the importance 
placed on reproduction (Young and Beecham 1986). Specific habitat choices are 
not usually reported, often due to limited sample sizes. Pelchat and Ruff (1986) 
reported no difference in habitat use between females with cubs and those 
without. Young and Beecham (1986) also observed no differences in habitat use 
between subsequent years for 3 females that were with and without cubs.
On the Tanana River Flats, annual habitat selection was similar among all 
females without offspring. Pregnant females were slightly less selective than 
nonreproductive adults and subadults, using all habitats proportional to 
availability, while nonreproductive females selected black spruce-tamarack more 
than available (Table 8). Females with young showed a clear difference in 
habitat selection. In autumn, when most bears preferred black spruce-tamarack, 
females-with-young selected white spruce and birch-aspen more than available 
(Table 8). The most obvious explanation for this selection is a need for the 
security offered by large climbing trees in those habitats. This could be 
particularly important in areas where black bears and grizzly bears coexist, 
increasing the chances of interspecific predation (Herrero 1972, Ross et al. 1988, 
Smith and Follmann 1993).
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Den-site Habitat Selection
Computer simulations by Alldredge and Ratti (1986) demonstrated that 
analyses based on few observations (<15) from few animals (<20) had high Type 
II error rates and should therefore be avoided. Because statistical analyses of 
den sites are based on a single observation (the den site) per animal, per year, 
summed for all bears in the sample, our statistical inferences must be interpreted 
with caution. We also violate assumptions of independence in some cases 
because we included den sites of the same bear over subsequent years. We 
believe this is reasonable because in only 6 of 52 cases did bears locate dens in 
the same habitats in consecutive years.
Thomas and Taylor (1990) also point out the inadequacy of the goodness- 
of-fit test when habitat availabilities are estimated because of the test's sensitivity 
to largely available but seldom used habitat types. We performed the analyses 
with, and without, the marshland habitat type (largely available and never used) 
and noted no difference in either the overall A2 results or the subsequent 
Bonferroni joint confidence intervals. There are great differences in den-site 
habitat considerations for black bears depending on local ecological conditions. 
Among these are: the severity of winter (Tietje and Ruff 1980, Lentz et al. 1983, 
Graber 1990); potential for flooding or collapsing of dens (Alt 1984); amount of 
disturbance (Johnson and Pelton 1981); and potential for predatory attacks 
(Rogers and Mech 1981, Alt and Gruttadauria 1984, Smith and Follmann 1993). 
In northern environments, Schwartz et al. (1987) reported that black bears 
preferred dens in mature and regrowth upland forests on the Kenai Peninsula, 
Alaska, and in alder draws with an association of spruce or birch trees in the 
Susitna River Basin, Alaska. Klenner and Kroeker (1990) reported the use of all
major vegetation types for denning by black bears in western Manitoba, including 
aspen-white spruce, black spruce, jack pine (Pinus banksiana), and dense brush.
On the Tanana River Flats, bears of all sex, age, and reproductive 
categories avoided marshland and heath meadows, probably because they lack 
structurally supporting trees, and because of their wet nature these sites may 
become flooded earlier in spring. The few dens that were located in heath 
meadows occurred under isolated stands of tall shrubs or forests, or were built on 
large piles of grasses and sedges. The selection of willow-alder and the 
marginally nonsignificant selection for black spruce-tamarack can perhaps be 
explained by the advantage dense stems and root systems provided in giving 
structural support for dens. Additionally the reduced overstory in these habitats 
(compared with white spruce or birch-aspen types) may allow greater snow depth 
and provide better insulation over the winter. Although black bears in the Tanana 
River Flats area of interior Alaska prefer den sites in certain habitats, 
observations of a few bears successfully denning in most habitats indicates that 
potential den sites are probably not limiting.
CONCLUSIONS
Hypotheses.--We reject the hypothesis that black bears use the Tanana 
River Flats habitats proportional to availability. We reject the hypothesis that 
habitat selection does not vary seasonally, but fail to reject the hypothesis of no 
difference in habitat selection between sexes, between ages, or among female 
reproductive classes of bears. We reject the hypothesis that den-site habitat 
selection will be proportional to availability. We fail to reject the hypothesis that 
den-site habitat selection will not vary significantly between sexes, between ages, 
or among female reproductive classes of Tanana River Flats black bears.
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Management Implications.--The purpose of this project was to help 
provide some guidelines for the management of Tanana River Flats habitats to 
minimize negative effects on black bears. We have shown that the black bears 
of this population do not appear influenced by any particular habitat 
requirements. If managers continue to monitor the age and sex structure of the 
annual harvest they can monitor the status of this population reasonably well. 
Short-term military maneuvers and other disturbances probably have little impact 
on the local black bear population. One concern is an increasing use of air- 
boats, giving large-scale access to previously inaccessible areas. This mode of 
transportation exposes many, relatively vulnerable, bears to hunters for the first 
time. This could substantially increase the numbers of bears harvested over a 
short time and should be monitored closely.
These results illustrate habitat selection and den-site habitats of the 
northernmost population of bears studied with radio-telemetry. They help to 
illustrate the full range of possible habitat and den-site selections by black bears.
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Appendix A. Conversion of the 6 Tanana River Flats, Alaska habitat types 
(Coady 1973) through level IV of the Alaska Vegetation Classification (Viereck et 
al. 1992).__________________________ ____________________________________
ALASKA VEGETATION CLASSIFICATIONS
Level I Level II Level III Level IV
Habitat 1 (Marshland)
III. Herb- A. Graminoid 
aceous herbaceous
Habitat 3 (Willow/Alder)
II. Scrub B. Tall scrub
Habitat 4 (Birch/Aspen)
I. Forest B. Broadleaf 
forest
C. Mixed 
forest
3. Wet 
graminoid 
herbaceous
Habitat 2 (Heath meadow)
I. Forest A. Needleleaf
forest
II. Scrub C. Low scrub
3. Needleleaf 
woodland
1. Closed low 
scrub
2. Open low 
scrub
1. Closed 
tall scrub
2. Open tall 
scrub
d. Fresh sedge marsh.
f. Subarctic lowland sedge 
wet meadow.
j. Subarctic lowland sedge- 
bog meadow.
d. Black spruce woodland.
a. Closed low shrub birch shrub.
b. Open low mixed shrub-sedge 
tussock bog.
c. Open low mesic shrub birch- 
ericaceous shrub.
d. Open low shrub birch- 
ericaceous shrub bog.
e. Open low ericaceous shrub bog
a. Closed tall willow shrub.
b. Closed tall alder shrub.
d. Closed tall alder-willow shrub.
f. Closed tall shrub swamp.
a. Open tall willow shrub.
b. Open tall alder shrub.
d. Open tall alder-willow shrub.
f. Open tall shrub swamp.
1. Closed broad- c. Closed balsam poplar forest, 
leaf forest d. Closed paper birch forest.
2. Open a. Open paper birch forest,
broadleaf b. Open quaking aspen forest,
forest c. Open balsam poplar forest.
1. Closed a. Closed spruce-paper birch
mixed forest forest.
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Appendix A. (continued)
Level 1 Level II Level III Level IV
Habitat 5 (Black spruce-tamarack)
1. Forest A. Needleleaf 1. Closed
forest needleleaf
2. Open 
needleleaf 
forest
3. Needleleaf 
woodland
k. Closed black spruce forest.
f. Open black spruce forest, 
h. Open black spruce-tamarack 
forest.
d. Black spruce woodland.
C. Mixed 
forest
1. Closed 
mixed 
forest
a. Closed spruce-paper birch 
forest.
Habitat 6 (White spruce)
I. Forest A. Needleleaf 
forest
1. Closed 
needleleaf 
forest
2. Open 
needleleaf 
forest
j. Closed white spruce forest, 
e. Open white spruce forest.
C. Mixed 
forest
1. Closed 
mixed forest
a. Closed spruce-paper birch 
forest.
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APPENDIX B. Species encountered during the vegetation sampling of Tanana 
River Flats, Alaska, 1988-90.
UNDERSTORY
CODE LATIN NAME, DESCRIPTION COMMON NAME
FROSTLIN Depth to frost (cm) —
GRASS SP Gramineae spp. Grass species
LITTER Litter —
WATER Standing water —
MOSSJJC Bryophyta and Lichens Mosses and Lichens
CAREX SP Carexspp. Sedge species
POTE PAL Potentilla palustris Marsh fivefinger
STEL SPP Stellaria spp. Chickweed species
EQUI ARV Equisetum arvense Horsetail family
EQUI PRA Equisetum pratense Horsetail family
EQUI PAL Equisetum palustre Horsetail family
EQUI FLU Equisetum fluviatile Horsetail family
EQUI SCI Equisetum scirpoides Horsetail family
EQUI SIL Equisetum silvaticum Horsetail family
EQUI HIE Equisetum hiemale Horsetail family
EQUI SPP Equisetum spp. Horsetail family
CORN CAN Comus canadensis Bunchberry
VACC VIT Vaccinium vitis-idaea Lowbush cranberry
GEOCJJV Geocaulon lividum Northern commandra
LINN BOR Linnaea borealis Twinflower
RUBU ARC Rubus arcticus Nagoon-berry
RUBU CHA Rubus chamaemorus Cloudberry
GALI TRI Galium trifidum Small bedstraw
ERIOPHRU Eriophorum spp. Cotton grass species
STEMSEED Stems and seedlings —
GALI BOR Galium boreale Northern bedstraw
CICU MAC Cicuta mackenzieana Water hemlock
POTA_SPP Potamogeton spp. Pondweed species
RANU GME Ranunculus Gmelini Crowfoot family
RANU_SPP Ranunculus spp. Crowfoot species
UNK FORB Unknown forbs --------
SOLI MUL Solidago multiradiata Northern goldenrod
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APPENDIX B. (continued)
CODE LATIN NAME, DESCRIPTION COMMON NAME
HIPP VUL Hippuris vulgaris Mare's tail
EPIL ANG Epilobium angustifolium Fireweed
CRUCIFER Cruciferae Mustard species
PYRO SEC Pyrola secunda One-sided wintergreen
PYRO SPP Pyrola spp. Wintergreen species
SALI MON Salix monticola Park willow
SPIR BEA Spiraea Beauverdiana Alaska spiraea
GEUM MAC Geum macrophyllum Large-leaf avens
BARE GND Bare Ground —
IRIS SET Iris setosa Wild iris
RANU LAP Ranunculus lapponicus Lapland buttercup
SANG OFF Sanguisorba officinalis Official bumet
ANDR POL Andromeda polifolia Bog rosemary
ACHI SPP Achillea spp. Yarrow species
POLY VIV Polygonum viviparum Alpine bistort
PYRO ASA Pyrola asarifolia Large wintergreen
SALLSPP Salix spp. Willow species
EQUI VAR Equisetum variegatum Variegated scouring-rush
MERT PAN Mertensia paniculata Bluebell
SPIR ROM Spiranthes Romanzoffiana Ladies' tresses
PYRO GRA Pyrola grandiflora Arctic wintergreen
PETA_SAG Petasites sagittatus Sweet coltsfoot
ARCT RUB Arctostaphylos rubra Red-fruit bearberry
SALI MYR Salix myrtillifolia Low blueberry willow
ACHI SIB Achillea sibirica Siberian yarrow
MONE UNI Moneses uniflora Single delight
PEDI SPP Pedicularis spp. Lousewart species
EMPE NIG Empetrum nigrum Crowberry
CYPR GUT Cypripedium guttatum Lady's slipper
ASTR AME Astragalus americanus Milk vetch
RIBE TRI Ribes triste American red currant
HERA LAN Heracleum lanatum Cow parsnip
SALI FUS Salix fuscescens Alaska bog willow
GOOD REP Goodyera repens Rattlesnake plantain
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APPENDIX B. (continued)
CODE LATIN NAME, DESCRIPTION COMMON NAME
TRIE EUR Trientalis europaea Starflower
PARN PAL Parnassia palustris Bog star
CALL PAL Calla palustris Wild calla
OVERSTORY
MYRI GAL Myrica gale Sweetgale
LEDU PAL Ledum palustre Labrador tea
CHAM CAL Chamaedaphne calyculata Leatherleaf, Cassandra
VACC ULI Vaccinium uliginosum Bog-, Alpine blueberry
BETU GLA Betula glandulosa Shrub birch, resin birch
BETU NAN Betula nana Dwarf arctic birch
BETU PAP Betula papyrifera Paper birch
ALNU INC Alnus incana Thinleaf alder
ALNU CRI Alnus crispa American green alder
PICE MAR Picea mariana Black spruce
PICE GLA Picea glauca White spruce
LARI LAR Larix laricina Tamarack, Larch
SALI PLA Salix planifolia Diamondleaf willow
SALI ARB Salix arbusculoides Littletree willow
SALI BEB Salix bebbiana Bebb willow
SALI NOV Salix novae-angliae Tall blueberry willow
SALIX MT Salix monticola Park willow
SALI GLA Salix glauca Grayleaf willow
SALI ALA Salix alaxensis Feltleaf willow
SALI HAS Salix hastata Halberd willow
SALIX MY Salix myrtillifolia Low blueberry willow
SALIX SP Salix spp. Willow species
SALI TOT Sum of all salix species —
ROSA_ACC Rosa acicularis Prickly rose
POPU BAL Populus balsam if era Balsam poplar
RUBU IDA Rubus idaeus American red raspberry
VIBU EDU Viburnum edule High bush cranberry
POTE FRU Potentilla fruticosa Bush cinquefoil
RUME ARC Rumex arcticus Sorrel, Dock
SHEP CAN Sheperdia canadensis Buffaloberry, Soapberry
ORUB CHA Rubus chamaemorus (tall) Cloudberry
HEDY ALP Hedysarum alpinum Alpine sweet-vetch
ORIB TRI Ribes triste (tall) American red currant
OVERTOT Total of all overstory —
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APPENDIX C. Mean % cover and standard deviations for plant species and 
other variables measured during vegetation sampling of the Tanana River Flats, 
Alaska, 1988-90.
HABITAT: 1 -  MARSHLAND (n=8)
UNDERSTORY
FROSTLIN GRASS SP LITTER WATER MOSS LIC
MEAN 112.03 14.891 29.422 34.672 3.516
SD 17.65 22.389 24.852 27.238 5.810
CAREX_SP POTE_PAL STEL SPP EQUI PRA EQUI FLU
MEAN 17.359 5.516 0.172 0.016 1.813
SD 4.836 8.129 0.438 0.044 2.195
EQULHIE RUBLLARC GALI_TRI ERIOPHRU STEM_SEED
MEAN 0.328 0.016 0.797 0.031 0.016
SD 0.928 0.044 0.998 0.088 0.044
GALI BOR CICU MAC POTA SPP RANU_GME RANU_SPP
MEAN 0.188 0.031 0.031 0.109 0.359
SD 0.530 0.088 0.088 0.309 0.967
UNK_FORB SOLI_MUL HIPP_VUL CRUCIFER
MEAN 0.156 0.016 0.156 0.391
SD 0.352 0.044 0.442 1.105
OVERSTORY
MYRI GAL BETU GLA BETU PAP ALNU INC SALI PLA
MEAN 0.031 0.083 0.025 0.188 0.069
SD 0.088 0.236 0.071 0.530 0.194
s a l l b e b SALI_NOV SALIX_MT SALIX_SP SALI_TOT
MEAN 0.067 0.023 0.135 0.115 0.850
SD 0.189 0.065 0.383 0.324 1.211
RUME ARC SALI ARB OVER TOT
MEAN 0.625 0.442 1.802
SD 1.768 0.779 1.768
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HABITAT: 2 -  HEATH MEADOW (n=12)
UNDERSTORY
APPENDIX C (continued)
FROSTLIN GRASS_SP LITTER WATER MOSSJJC
MEAN 72.44 cm 2.900 52.608 5.677 8.825
SD 24.358 1.944 16.105 10.230 6.322
CAREX_SP POTE_PAL STEL_SPP EQUI_ARV EQULPRA
MEAN 7.110 0.657 0.014 0.302 0.054
SD 8.576 1.089 0.048 0.643 0.188
EQULPAL EQUI_FLU EQULSPP VACC VIT GEOC_LIV
MEAN 0.990 0.115 0.070 1.042 0.292
SD 2.643 0.326 0.241 1.640 1.010
RUBILARC RUBILCHA ERIOPHRU STEM_SEED EPIL_ANG
MEAN 0.750 0.208 0.042 15.138 0.021
SD 1.231 0.722 0.081 11.488 0.072
PYRO SPP SPIR_BEA BARE_GND IRIS_SET RANUJ-AP
MEAN 0.042 0.053 2.362 0.031 0.208
SD 0.144 0.182 4.018 0.108 0.722
SANG_OFF ANDR POL SALI_FUS
MEAN 0.013 0.042 0.438
SD 0.043 0.144 1.178
OVERSTORY
MYRLGAL LEDU PAL CHAM CAL VACC_ULI BETU GLA
MEAN 11.033 4.064 34.018 9.519 22.321
SD 14.237 6.636 25.504 14.398 17.310
BETUJMAN BETLLPAP ALNUJNC PICE_MAR LARLLAR
MEAN 0.864 0.908 0.778 0.054 0.472
SD 1.948 1.713 1.925 0.130 1.210
SALI_PLA SALI_ARB s a l l b e b SALLNOV SALIX_MT
MEAN 0.389 0.665 0.011 0.640 1.617
SD 1.347 1.664 0.039 1.609 2.781
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APPENDIX C, Habitat-2 (continued)
SALI_GLA SALI_HAS SALIX_MY SALIX SP SALI_TOT
MEAN 0.133 0.269 0.075 2.306 6.106
SD 0.342 0.933 0.260 3.437 4.432
POTE FRU 
MEAN 1.200 
SD 1.919
OVER TOT 
91.338 
25.126
HABITAT: 3 -  WILLOW/ALDER FORESTS (n=10) 
UNDERSTORY
FROSTLIN GRASS SP LITTER MOSS LIC CAREX SP
MEAN 79.21 cm 2.075 75.000 4.263 0.013
SD 27.033 1.785 13.730 4.542 0.040
STEL SPP EQUI ARV EQUI_PRA EQUI PAL EQUI FLU
MEAN 1.750 2.963 2.475 0.138 0.038
SD 1.816 6.524 4.308 0.356 0.119
CORN_CAN VACC_VIT GEOCJJV LINNJ30R RUBU_ARC
MEAN 0.575 0.263 0.138 0.300 2.838
SD 1.818 0.614 0.435 0.712 3.549
RUBU_CHA ERIOPHRU STEM SEED UNK_FORB EPIL_ANG
MEAN 0.088 0.013 2.050 0.125 2.700
SD 0.277 0.040 2.373 0.395 2.983
PYRO_SP GEUM_MAC BARE_GND IRIS_SET ACHLSPP
MEAN 0.438 0.100 0.225 0.063 0.113
SD 0.566 0.316 0.712 0.198 0.239
POLY_VIV PYRO ASA SALLSPP MERT_PAN EQUI_VAR
MEAN 0.050 0.438 0.025 0.575 0.138
SD
MEAN
SD
0.158
SPIR_ROM
0.038
0.119
1.383 0.079 1.482 0.435
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APPENDIX C, Habitat-3 (continued)
OVERSTORY
LEDU_PAL BETU PAP ALNU INC ALNU CRI PICE GLA
MEAN 0.055 1.242 43.980 0.468 3.042
SD 0.174 3.270 36.809 1.481 8.802
LARI LAR SALI ARB SALI BEB SALI NOV SALIX MT
MEAN 0.045 10.040 13.940 9.128 2.642
SD 0.142 8.230 23.862 11.764 6.177
SALI_GLA SALI_ALA SALI_HAS SALIX_SP SALI TOT
MEAN 7.190 7.205 0.882 11.475 62.502
SD 15.375 8.247 2.788 29.028 19.886
ROSA_ACC POPU BAL RUBUJDA VIBU EDU POTE FRU
MEAN 5.655 3.665 0.508 0.648 0.027
SD 10.296 4.321 1.361 0.969 0.084
OVER_TOT 
MEAN 121.837 
SD 28.795
HABITAT: 4 -  BIRCH/ASPEN FORESTS (n=11)
UNDERSTORY
FROSTLIN GRASS SP LI I I EH MOSS LIC STEL SPP
MEAN 102.41 cm 2.239 71.004 3.750 0.330
SD 22.192 4.441 11.187 7.278 0.408
EQULARV EQULPRA EQUI PAL EQUI SCI EQUI SIL
MEAN 5.034 5.909 0.739 0.011 0.580
SD 9.741 8.179 2.450 0.038 1.922
CORN_CAN VACC VIT GEOCJJV LINN_BOR
OIT■*,
GQIT
MEAN 2.000 0.341 0.227 0.705 1.670
SD 3.494 0.716 0.395 2.138 2.672
RUBU_CHA ERIOPHRU EPIL_ANG PYRO_SEC PYRO_SPP
MEAN 0.239 2.091 1.000 0.034 0.803
SD 0.751 1.251 1.323 0.113 1.301
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APPENDIX C, Habitat-4 (continued)
GEUM.MAC BARE_GND PYRO ASA SALI_SPP MERT.PAN
MEAN 0.023 0.057 0.091 0.057 0.966
SD 0.075 0.188 0.302 0.188 1.792
PYRO_GRA 
MEAN 0.102 
SD 0.339
OVERSTORY
LEDU_PAL CHAM_CAL VACC ULI BETU PAP ALNUJNC
MEAN 0.538 0.006 0.152 31.906 38.380
SD 1.151 0.020 0.502 36.828 32.727
ALNU CRI PICE GLA SALI ARB SALI BEB SALI NOV
MEAN 0.379 4.023 0.462 4.192 1.586
SD 0.882 7.939 1.533 9.879 2.694
SALIX MT SA L L G L A SALI_ALA SALIX SP SA L L T O T
MEAN 0.306 3.755 0.170 5.083 15.555
SD 1.015 11.910 0.563 9.070 20.274
ROSA_ACC POPU_BAL RUBUJDA VIBU_EDU RUME.ARC
MEAN 15.206 34.612 1.303 2.632 0.967
SD 14.374 33.224 2.900 4.229 3.206
ORUB CHA OVER TOT
MEAN 0.311 145.968
SD 0.604 22.426
HABITAT: 5 -  BLACK SPRUCE/TAMARACK FORESTS fn=131
UNDERSTORY
FROSTLIN GRASS_SP LITTER MOSS LIC CAREX_SP
MEAN 84.39 cm 0.923 25.692 38.731 0.500
SD 19.581 0.422 16.646 14.501 1.223
STEL_SPP EQUI ARV EQULPRA EQULPAL EQULSCI
MEAN 0.231 1.231 1.288 0.058 1.125
SD 0.653 2.753 2.396 0.174 1.050
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APPENDIX C, Habitat-5 (continued)
CORN CAN VACC VIT GEOC LIV LINN BOR RUBU ARC
MEAN 0.760 15.817 3.240 0.375 1.019
SD 1.126 7.779 2.421 1.244 2.132
RUBU CHA STEMSEED UNK FORB SOLI MUL EPIL ANG
MEAN 0.029 5.029 0.231 0.192 0.173
SD 0.104 3.634 0.760 0.253 0.452
PYRO SPP BARE GND IRIS_SET ACHLSPP SALI_SPP
MEAN 0.433 0.192 0.010 0.010 0.140
SD 0.755 0.693 0.035 0.035 0.331
MERT PAN PETA_SAG ARCT RUB SALI MYR ACHI SIB
MEAN 0.250 0.240 1.125 0.702 0.010
SD 0.442 0.622 1.976 1.773 0.035
MONE UNI PEDI SPP EMPE NIG
MEAN 0.048 0.010 0.192
SD 0.173 0.035 0.693
OVERSTORY
LEDU_PAL CHAM_CAL VACCJJLI BETU_GLA BETU_PAP
MEAN 11.954 0.221 9.563 0.372 2.992
SD 7.348 0.591 12.396 1.291 5.986
ALNUJNC ALNU_CRI PICE_MAR PICE_GLA LARLLAR
MEAN 2.774 0.964 40.909 0.436 10.223
SD 5.886 2.849 14.840 1.572 19.541
SALLARB SALI BEB SALI NOV SALIX MT SALI GLA
MEAN 1.747 1.623 1.146 0.400 2.980
SD 2.433 2.711 2.194 1.442 5.358
SALI ALA SALI HAS SALIX MY SALIX SP SALI TOT
MEAN 1.600 0.051 0.231 1.354 11.132
SD 2.378 0.185 0.402 2.767 11.349
APPENDIX C, Habitat-5 (continued)
ROSA_ACC POPILBAL POTE FRU SHEP_CAN ORUB_CHA
MEAN 2.321 0.538 0.108 0.449 0.456
SD 3.122 1.941 0.290 1.116 0.956
VIBILEDU OVER_TOT
MEAN 0.115 95.527
SD 0.291 31.671
HABITAT: 6 -  WHITE SPRUCE FORESTS (n=12)
UNDERSTORY
FROSTLIN GRASS_SP LITTER MOSS LIC CAREX_SP
MEAN 93.073 0.375 54.078 24.688 0.135
SD 21.577 0.731 16.769 10.545 0.469
STEL SPP EQULARV EQULPRA E Q U L P A L EQUI_SCI
MEAN 0.042 1.500 5.781 0.250 0.240
SD 0.111 3.896 6.086 0.866 0.791
CORN CAN VACC VIT GEOC LIV LINN_BOR RUBU ARC
MEAN 2.010 3.385 2.479 1.240 0.156
SD 2.330 6.347 3.590 2.404 0.297
RUBILCHA GALI_TRI STEMSEED UNK_FORB EPIL_ANG
MEAN 0.010 0.042 1.594 0.052 0.135
SD 0.036 0.144 1.465 0.146 0.299
PYRO SPP BARE_GND PYRO_ASA MERT_PAN CYPR_GUT
MEAN 0.448 0.125 0.135 0.589 0.146
SD 0.800 0.361 0.469 0.836 0.505
ASTR_AME RIBE_TRI HERA LAN
MEAN 0.333 0.010 0.021
SD 1.155 0.036 0.072
OVERSTORY
LEDU PAL VACCJJLI BETLLPAP ALNUJNC ALNU_CRI
MEAN 1.483 0.183 5.965 18.413 7.540
SD 3.040 0.478 9.226 20.619 12.698
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APPENDIX C, Habitat-6 (continued)
PICE_GLA SALI_ARB SALI_BEB SALI_NOV SALIX_MT
MEAN 40.781 0.910 6.447 3.224 0.089
SD 10.606 1.756 9.542 10.644 0.244
SALLALA SALI TOT ROSA ACC POPILBAL VIBILEDU
MEAN 0.667 11.336 15.751 1.968 2.204
SD 1.458 14.215 7.933 5.847 3.048
POTE_FRU SHEP CAN ORUB CHA OVER TOT
MEAN 0.047 0.065 0.044 105.782
SD 0.164 0.180 0.108 22.281
ALL DEN SITES (n==28)
UNDERSTORY
FROSTLIN GRASS SP LITTER WATER MOSS LIC
MEAN 66.958 5.045 54.929 8.125 8.348
SD 21.261 4.845 17.928 12.713 7.902
CAREX_SP POTE_PAL STEL_SPP EQULARV EQUI_PRA
MEAN 1.536 1.634 0.554 0.741 0.643
SD 2.692 2.706 0.916 1.759 1.558
EQUI PAL EQULFLU EQULSIL CORN_CAN VACC VIT
MEAN 0.259 0.116 0.313 0.107 4.366
SD 1.189 0.474 0.999 0.322 8.416
GEOC LIV RUBILARC RUBU CHA GALI TRI ERIOPHRU
MEAN 0.795 3.616 0.134 0.045 0.045
SD 1.886 5.025 0.493 0.236 0.236
STEMSEED UNK_FORB EPIL_ANG PYRO SEC PYRO_SPP
MEAN 4.554 0.089 0.688 0.063 0.071
SD 4.791 0.217 1.457 0.331 0.253
SPIR_BEA BARE_GND IRIS_SET POLY_VIV PYRO_ASA
MEAN 0.964 1.402 0.071 0.054 0.018
SD 3.619 4.358 0.378 0.197 0.094
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APPENDIX C, A ll Den-sites (continued)
MERT_PAN PETA_SAG ARCT_RUB SALI_MYR GOOD_REP
MEAN 0.045 0.330 0.054 0.107 0.045
SD 0.153 0.938 0.283 0.567 0.236
TRIE EUR PARN_PAL CALL PAL
MEAN 0.045 0.045 0.009
SD 0.236 0.236 0.047
OVERSTORY
MYRI GAL LEDU_PAL CHAM_CAL VACC ULI BETU_GLA
MEAN 0.924 7.771 1.321 3.400 14.440
SD 2.732 13.712 3.481 6.534 27.726
BETU PAP ALNUJNC ALNU_CRI PICE_MAR PICE_GLA
MEAN 15.793 22.888 4.070 5.331 3.110
SD 21.127 25.402 12.060 10.874 6.309
LARI LAR SALI ARB SALI_BEB SALI NOV SALIX MT
MEAN 2.099 1.117 7.377 3.888 1.817
SD 4.635 2.190 12.202 7.935 5.288
SALLGLA SALI_ALA SALIX_MY SALIX_SP SALLTOT
MEAN 2.141 0.986 0.024 4.398 21.746
SD 5.221 3.322 0.126 9.057 20.432
ROSA ACC POPU BAL RUBU IDA VIBU EDU POTE FRU
MEAN 3.664 0.521 0.171 0.432 1.121
SD 7.013 2.644 0.809 2.287 3.320
RUME ARC SHEP_CAN HEDY_ALP ORIB_TRI OVER_TOT
MEAN 0.010 0.632 0.031 0.017 109.494
SD 0.036 3.345 0.164 0.088 34.240
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APPENDIX D. Identification of the black bears captured on the Tanana River 
Flats, Alaska, 1988-90, and included in the analysis of denning ecology (Chapter 
1), habitat selection (Chapter 2), or both. Ages are from Chapter 2 and are 
calculated at den emergence.
BEAR
I.D.
AGE REPRO 
YEAR SEX AGE GROUP CLASS
DEN
TYPE
DEN
HABa
INCLUDED IN 
ANALYSIS
40 90 F 6 A W/Cubs Excavated 5 Both
102 88 F 10 A Pregnant 5 Chapter 1
102 89 F 11 A W/Cubs Excavated 5 Both
102 90 F 12 A Barren Chapter 2
302 88 F 18 A Barren Excavated 3 Chapter 1
302 89 F 19 A Pregnant Excavated 5 Both
302 90 F 20 A W/Cubs 6 Both
303 88 12 A Pregnant 2 Chapter 1
303 89 F 13 A W/Cubs Excavated 3 Both
303 90 F 14 A W/Yearlings Ground 4 Both
304 88 F 2 SA Subadult Excavated 3 Both
304 89 F 3 SA Subadult Excavated 3 Both
304 90 F 4 SA Subadult Ground 5 Both
305 88 M 3 SA Male 4 Chapter 1
305 89 M 4 SA Male Excavated 3 Both
305 90 M 5 A Male 3 Both
306 88 M 2 SA Male Natural 5 Chapter 1
307 88 M 2 SA Male Natural 6 Chapter 1
307 1989 M 3 SA Male Excavated 3 Both
307 1990 M 4 SA Male 4 Both
308 1988 M 1 SA Male Excavated 6 Chapter 1
309 1988 M 3 SA Male Excavated 5 Both
a Habitat selected for den sites: 1) marshland; 2) heath meadow; 3) willow-
alder; 4) birch-aspen; 5) black spruce-tamarack; 6) white spruce.
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APPENDIX D. (continued)
BEAR AGE REPRO DEN DEN INCLUDED IN
I.D. YEAR SEX AGE GROUP CLASS TYPE HABa ANALYSIS
309 1989 M 4 SA Male Excavated 5 Both
309 1990 M 5 A Male 5 Both
310 1988 F 2 SA Subadult Excavated 2 Both
310 1989 F 3 SA Subadult Excavated 3 Both
310 1990 F 4 SA Pregnant 3 Both
311 1988 F 9 A Pregnant Excavated 4 Chapter 1
311 1989 F 10 A W/Cubs Excavated 4 Both
311 1990 F 11 A Barren 5 Both
312 1988 F 3 SA Subadult Excavated 3 Chapter 1
312 1989 F 4 SA Pregnant Excavated 2 Both
312 1990 F 5 A W/Cubs Chapter 2
313 1988 M 2 SA Male Excavated 3 Chapter 1
313 1989 M 3 SA Male Excavated 4 Both
314 1989 M 6 A Male Chapter 2
314 1990 M 7 A Male Excavated 3 Both
315 1989 F 4 SA Subadult Excavated 5 Both
315 1990 F 5 A Pregnant Excavated 3 Both
316 1989 F 4 SA Subadult Excavated 3 Both
316 1990 F 5 A Barren 5 Both
317 1989 F 4 SA Subadult Excavated 2 Both
317 1990 F 5 A Barren Ground 2 Both
318 1989 M 8 A Male Ground 4 Both
318 1990 M 9 A Male Ground 2 Both
a Habitat selected for den sites: 1) marshland; 2) heath meadow; 3) willow-
alder; 4) birch-aspen; 5) black spruce-tamarack; 6) white spruce.
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APPENDIX D. (continued)
BEAR AGE REPRO DEN DEN INCLUDED II
I.D. YEAR SEX AGE GROUP CLASS TYPE HABa ANALYSIS
320 1989 M 10 A Male 3 Both
320 1990 M 11 A Male Excavated 3 Both
321 1989 F 4 SA Subadult Excavated 3 Both
321 1990 F 5 A Barren 5 Both
322 1989 M 2 SA Male Excavated 5 Both
323 1989 F 3 SA Subadult Excavated 4 Both
323 1990 F 4 SA Subadult Excavated 2 Both
324 1989 M 1 SA Male Excavated 3 Both
324 1990 M 2 SA Male Chapter 2
325 1989 F 3 SA Subadult Excavated 4 Both
326 1989 F 12 A Pregnant Excavated 5 Both
326 1990 F 13 A W/Cubs 6 Both
327 1989 F 23 A Barren Excavated 5 Both
a Habitat selected for den sites: 1) marshland; 2) heath meadow; 3) willow- 
alder; 4) birch-aspen; 5) black spruce-tamarack; 6) white spruce.
